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SECTION 01 33 23
SHOP DRAWINGS, PRODUCT DATA, AND SAMPLES

Refer to Articles titled SPECIFICATIONS AND DRAWINGS FOR CONSTRUCTION
(FAR 52.236-21) and, SPECIAL NOTES (VAAR 852.236-91), in GENERAL
CONDITIONS.

For the purposes of this contract, samples, test reports, certificates,
and manufacturers' literature and data shall also be subject to the
previcusly referenced requirements. The following text refers to all

items collectively as SUBMITTALS.

Submit for approwval, all cf the items specifically menticned under the
separate sections c¢f the specification, with information sufficient to
evidence full compliance with contract requirements. Materials,
fabricated articles and the like to be installed in permanent work
shall equal those of approved submittals. After an item has been

approved, no change in brand or make will be permitted unless:

Satisfactory written evidence is presented to, and approved by
Contracting COfficer, that manufacturer canncot make scheduled delivery
of approved item or;

Item delivered has been rejected and substituticn of a suitable item is
an urgent necessity or;

Other conditions beccome apparent which indicates approval of such
substitute item to be in best interest of the Government.

Forward submittals in sufficient time to permit proper consideration
and approval action by Government. Time submission te assure adequate
lead time for procurement of contract-required items. Delays
attributable to untimely and rejected submittals will not serve as a

basis for extending contract time for completion.

Submittals will be reviewed for compliance with contract requirements
by Project Manager (PM), and action thereon will be taken by
Contracting Officer’s Representative (COR) on behalf of the Contracting
Cfficer.

The Government reserves the right to require additional submittals,
whether or not particularly menticned in this contract. If additional
submittals beyond these required by the contract are furnished pursuant

to request therefor by Centracting Officer, adjustment in contract
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price and time will be made in accordance with Articles titled CHANGES
(FAR 52.243-4) and CHANGES - SUPPLEMENT (VAAR 852.236-88) of the
GENERAL CONDITIONS.

Schedules called for in specifications and shown on shop drawings shall
be submitted for use and information of Department of Veterans Affairs
and Project Manager. However, the Contractor shall assume
responsikility for coordinating and verifying schedules. The
Contracting Officer and Project Manager assumes no responsibility for
checking schedules or layout drawings for exact sizes, exact numbers

and detailed positioning of items.

Submittals must be submitted by Contractor only and shipped prepaid.
Contracting Officer assumes no responsibkbility for checking quantities

or exact numbers included in such submittals.

Submit samples in single units unless otherwise specified. Submit hard
copies of shop drawings, schedules, manufacturers' literature and data,
and certificates in guadruplicate, except where a greater number is
specified or when email submittal is approved.

Submittals will receive consideration only when covered by a

transmittal letter signed by Contractor. Letter shall contain the list

of items, name of Cemetery, name of Contractor, contract number,
applicable specificaticn paragraph numbers, applicable drawing numbers

{and other information required for exact identification of location

for each item), manufacturer and brand, ASTM or Federal Specification

Number {(if any}) and such additional information as may be required by

specifications for particular item being furnished. In addition,

catalogs shall be marked to indicate specific items submitted for
approval.

1. A copy of letter must be enclosed with items, and any items received
without identification letter will be considered "unclaimed goods™
and held for a limited time only.

2. Each sample, certificate, manufacturers' literature and data shall
be labeled to indicate the name and locaticon of the Cemetery, name
of Contractor, manufacturer, brand, contract number and ASTM or
Federal Specification Number as applicable and location(s) on

proiect.
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3. Required certificates shall be signed by an authorized
representative of manufacturer or supplier of material, and by
Contractor.

If submittal samples have been disapproved, resubmit new samples as

soon as possible after notification of disapproval. Such new samples

shall be marked "Resubmitted Sample" in addition to containing other
previously specified information required on label and in transmittal
letter.

Approved samples will be kept on file by the COR at the site until

completion of contract, at which time such samples will be delivered to

Contractor as Contractor's property. Where noted in technical sections

of specifications, approved samples in good condition may be used in

their proper locations in contract werk. At completion of contract,
samples that are not approved will be returned te Contractor only upon
request and at Contractor's expense. Such request should be made prior
to completion of the contract. Disapproved samples that are not
requested for return by Contractor will be discarded after completion
of contract.

Submittal drawings (shop, erection or setting drawings} and schedules,

required for work of various trades, shall be checked before submission

by technically qualified employees of Contractor for accuracy,
completeness and compliance with contract regquirements. These drawings
and schedules shall be stamped and signed by Contractor certifying to
such check.

1. For each drawing required, submit one legible photographic paper or
vellum reproducible.

2. Reproducible shall be full size.

3. Each drawing shall have marked thereon, proper descriptive title,
including Cemetery location, project number, manufacturer's number,
reference to contract drawing number, detail Section Number, and
Specification Section Number.

4, A space 120 mm by 125 mm (4-3/4 by 5 inches) shall be reserved on
each drawing to accommodate approval or disapproval stamp.

5. Submit drawings, ROLLED WITHIN A MAILING TUBE, fully protected for
shipment.

6. One reproducible print of approved or disapproved shop drawings will

be forwarded to Contractor.
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7. When work is directly related and involves more than one trade, shop
drawings shall be submitted to PM under one cover.
Samples, shop drawings, test reports, certificates and manufacturers'

literature and data, shall be submitted for approval to

Charles Christensen

General Engineer

Memorial Service Network IIT
155 Van Gordon Street
Lakewood, CO 80228
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SECTION 23 05 11
COMMON WORK RESULTS FOR HVAC

PART 1 - GENERAL

1.1 DESCRIPTICN

The requirements of this Section apply to all sections of Division 23.

Definiticns:

1. Exposed: Piping, ductwork, and equipment exposed to view in finished
rooms.

2, Option or optional: Contracter's choice of an alternate material or
method.

3. PM/COR: Project Manager/Contracting Officer’s Representative.

1.2 RELATED WORK

o O w >

E.
F.
G.

Section 01 00 00, GENERAL REQUIREMENTS.

Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, AND SAMPLES.
Section 05 50 00, METAL FABRICATIONS.

Section 23 05 41, NOISE AND VIBRATION CONTROL FOR HVAC PIPING AND
EQUIPMENT

Section 23 05 93, TESTING, ADJUSTING, AND BALANCING FOR HVAC.
Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATICNS
Section 26 29 11, LOW-VOLTAGE MOTCR STARTERS.

1.3 QUALITY ASSURANCE

Al

Mechanical, electrical and associated systems shall be safe, reliable,
efficient, durable, easily and safely operable and maintainable, easily
and safely accessible, and in compliance with agpplicable codes as
specified. The systems shall be comprised of high quality institutional-
class and industrial-class products of manufacturers that are
experienced specialists in the required product lines. All construction
firms and personnel shall be experienced and qualified specialists in
institutional HVAC censtruction.

Flow Rate Tolerance for HVAC Equipment: Section 23 05 93, TESTING,

ADJUSTING, AND BALANCING FOR HVAC.

Equipment Vibration Tolerance:

1. Refer to Section 23 05 41, NOISE AND VIBRATION CONTROL FOR HVAC
FIPING AND EQUIPMENT. Equipment shall be factcry-balanced to this
tolerance and re-balanced on site, as necessary.

2. After BVAC air balance work is completed and permanent drive sheaves
are in place, perform field mechanical balancing and adjustments
required to meet the specified vibration tolerance.

Products Criteria:

COMMON WORK RESULTS FOR HVAC
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Standard Products: Material and equipment shall ke the standard
preducts of a manufacturer regularly engaged in the manufacture of
the products for at least 3 years. The design, model and size of each
item shall have been in satisfactory and efficient cperaticn on at
least three installaticons for approximately three years. However,
digital electronics devices, scftware and systems such as controls,
instruments, computer work station, shall be the current generation
of technology and basic design that has a proven satisfactory service
record of at least three years. See other specification secticns for
any exceptions.

All items furnished shall be free from defects that would adversely
affect the performance, maintainability and appearance of individual
compeonents and overall assembly.

Conform to codes and standards as required by the specifications.
Conform to local codes, if required by local authorities such as the
natural gas supplier, if the local ccdes are more stringent then
those specified. Refer any conflicts to the Contracting Officers
Technical Representative (PM/COR}.

Multiple Units: When two or more units of materials or equipment of
the same type or class are reguired, these units shall be products of
cone manufacturer.

Assembled Units: Manufacturers of equipment assemblies, which use
components made by others, assume ccmplete responsibility for the
final assembled product.

Nameplates: Nameplate bearing manufacturer's name or identifiable
trademark shall be securely affixed in a conspicuocus place on
eguipment, o©or name or trademark cast integrally with equipment,
stamped or otherwise permanently marked on each item of equipment.
Asbestos products or equipment or materials containing asbestos shall

not be used.

Equipment Service Crganizations:

1.

HVAC: Products and systems shall be supported by service
organizations that maintain a complete inwventory of repair parts and

are located reasonably cleose to the site.

HVAC Mechanical Systems Welding: Before any welding is performed,

contractor shall submit a certificate certifying that welders comply

with the fellowing requirements:

1.

Qualify welding processes and operators for piping according to ASME

Section IX, "Welding and Brazing Qualifications".

COMMON WORK RESULTS FOR HVAC
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2. Certify that each welder has passed American Welding Society (AWS)
qualification tests for the welding processes invelwved, and that
certification is current.

Execution {Installation, Constructicn} Quality:

1. Apply and install all items in accordance with manufacturer's written
instructions. Refer conflicts between the manufacturer's instructions
and the contract drawings and specifications to the PM/COR for
resclution. Provide written hard copies or computer files of
manufacturer’s installation instructions to the PM/COR at least two
weeks prior to commencing installation of any item. Installation cof
the item will not be allowed to proceed until the recommendations are
received. Failure tc furnish these recommendations i1s a cause for
rejection of the material.

2, All items that require access, such as for operating, cleaning,
servicing, maintenance, and calibration, shall be easily and safely
accessible by persons standing at floor level, or standing on
permanent platforms, without the use of portable ladders. Examples of
these items include, but are not limited to: all types of valves,
filters and strainers, transmitters, control devices. Prior to
commencing installation work, refer ceonflicts between this
requirement and contract drawings tc the PM/COR for resoclution.

3. Provide complete laycut drawings required by Paragraph, SUBMITTALS.
Do not commence ceonstruction work on any system until the layout

drawings have been approved.

1.4 SUBMITTALS

A.

Submit in accordance with Secticn 01 33 23, SHOP DRAWINGS, PRODUCT DATA,
AND SAMPLES, and with requirements in the individual specification
sections.

Contractor shall make all necessary field measurements and
investigations to assure that the equipment and assemblies will meet
contract requirements.

If equipment is submitted which differs in arrangement from that shown,
provide drawings that show the rearrangement of all asscociated systems.
Approval will be given only if all features of the equipment and
associated systems, including accessibility, are equivalent to that
required by the contract.

Prior to submitting shop drawings for approval, contractor shall certify
in writing that manufacturers of all major items ¢of egquipment have each
reviewed drawings and specifications, and have jointly cocordinated and
properly integrated their equipment and controls to provide a complete

and efficient installation.

COMMON WORK RESULTS FOR HVAC
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E. Upon regquest by PM/COR, provide lists of previocus installations for
selected items of eguipment. Include contact persons who will serve as
references, with telephcone numbers and e-mail addresses.

F. Submittals and shop drawings for interdependent items, containing
applicable descriptive information, shall be furnished together and
complete in a group. Coordinate and properly integrate materials and
equipment in each group to provide a completely compatible and efficient
installation. Final review and approvals will be made only by groups.

G. Manufacturer's Literature and Data: Submit under the pertinent section
rather than under this section.

1. Submit belt drive with the driven equipment.
2. Submit electric motor data and variable speed drive data with the
driven equipment.
3. Equipment and materials identification.
4. Fire-stopping materials.
5. Hangers, inserts, supports and bracing.
6. Wall, floor, and ceiling plates,
H. HVAC Maintenance Data and Operating Instructions:
1. Maintenance and operating manuals.

I. Provide ccpies of approved HVAC eguipment submittals tc the Testing,

Adjusting and Balancing Subcontractor.
1.5 APPLICABLE PUBLICATIONS

A. The publications listed below form a part of this specification to the
extent referenced. The publications are referenced in the text by the
basic designation only.

B. Air Conditicning and Refrigeration Institute (ARI):

430-99% (R2002).......... Central Station Air-Handling Units

C. Rubber Manufacturers Asscociation ({(ANSI/RMA):

IP=-20-2007. ... Drives Using Classical V-Belts and Sheaves
D. Air Movement and Contreol Asscciation ({AMCA):
410-96. .0ttt e Recommended Safety Practices for Air Moving
Devices

E. American Soclety of Mechanical Engineers (ASME):

Boiler and Pressure Vessel Code (BPVC):

Section IX-2007......... Welding and Brazing Qualifications

F. American Scciety for Testing and Materials (ASTM):
B36/A36M-08............. Carbon Structural Steel
A575-96(2007) ... ... Steel Bars, Carbon, Merchant Quality, M-Grades
E84-09. ... .. Standard Test Method for Burning Characteristics

of Building Materials
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E119-08a. ..., Standard Test Method for Fire Tests of Building
Construction and Materials
G. Manufacturers Standardization Society (MSS) of the Valve and Fittings
Industry, Inc:

§P-58-2002......... ..., Pipe Hangers and Supports-Materials, Design and
Manufacture

5P 69-2003........... ...Pipe Hangers and Supports-Selecticn and
Application

SP 127-2001.......c..4.. Bracing for Piping Systems, Seismic - Wind -

Dynamic, Design, Selection, Application
H. National Electrical Manufacturers Asscociation (NEMA}:
MG 1-2006............... Motors and Generators

I. National Fire Protection Association (NFPA):

LR = Naticnal Electrical Code

90RA-09. ... i, Installation of Air Ceonditioning and Ventilating
Systems

101-00. .. i ii e Life Safety Code

1.6 DELIVERY, STORAGE AND HANDLING
A. Protection of Eguipment:

1. Equipment and material placed on the jcb site shall remain in the
custody of the Contractor until phased acceptance, whether or not the
Government has reimbursed the Contractor for the eguipment and
material. The Contractcor is solely responsible for the protection of
such equipment and material against any damage.

2. Place damaged equipment in first class, new operating condition; cr,
replace same as determined and directed by the PM/COR. Such repair or
replacement shall be at nc additional cost to the Government.

3. Protect interiors of new equipment and piping systems against entry
of foreign matter. Clean both inside and outside before painting or
placing eguipment in operaticn.

4. Existing equipment and piping being worked on by the Contractor shall
be under the custody and respcnsibility of the Ceontractor and shall
be protected as required for new work.

B. Cleanliness of Piping and Equipment Systems:

1. Exercise care in storage and handling of equipment and piping
material to be incorporated in the work. Remove debris arising from
cutting, threading and welding of piping.

2. Piping systems shall be flushed, blown or pigged as necessary to
deliver clean systems.

3. Contractor shall be fully responsible for all costs, damage, and

delay arising from failure to provide clean systems.

COMMCON WORK RESULTS FOR HVAC
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PART 2 -~ PRODUCTS
2,1 FACTORY-ASSEMBLED PRODUCTS

Provide maximum standardization of components.

Manufacturers of equipment assemblies that include compeonents made by

others shall assume complete responsibility for final assembled unit.

1. All components of an assembled unit need not be preoducts of same
manufacturer.

2. Constituent parts that are alike shall be products cf a single
manufacturer.

3. Components shall be compatible with each other and with the total
assembly for intended service.

4, Contractor shall guarantee performance of assemblies of components,
and shall repair or replace elements of the assemblies as required to
deliver specified performance of the complete assembly.

Compeonents of equipment shall bear manufacturer's name and trademark,

model number, serial number and performance data on a name plate

securely affixed in a conspicuous place, or cast integral with, stamped
or otherwise permanently marked upon the components of the equipment.

Major items of equipment, which serve the same function, must be the

same make and model. Exceptions will be permitted if performance

requirements cannot be met.

2.2 COMPATIBILITY OF RELATED EQUIPMENT

A.

Equipment and materials installed shall be compatible in all respects
with other items being furnished and with existing items so that the
result will be a ccomplete and fully cperational plant that conforms to

contract reguirements.

2.3 BELT DRIVES

A.

Drive Types, Based on ARI 435:
1. Provide adjustable-pitch or fixed-pitch drive as follows:
a. Fan speeds up to 1800 RPM: 7.5 kW (10 horsepower) and smaller.
b. Fan speeds over 1800 RPM: 2.2 kW (3 horsepower) and smaller.
Provide fixed-pitch drives for drives larger than those listed above.
3. The final fan speeds required to just meet the system CFM and
pressure requirements, without throttling, shall be determined by
adjustment cf a temporary adjustable-pitch mctor sheave or by fan law

calculaticon if a fixed-pitch drive is used initially.

2.4 DRIVE GUARDS

A,

For machinery and equipment, provide guards as shown in AMCA 410 for
belts, chains, couplings, pulleys, sheaves, shafts, gears and other

moving parts regardless of height above the flcor to prevent damage to

COMMON WORK RESULTS FOR HVAC
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equipment and injury to personnel. Drive guards may be excluded where
motors and drives are inside factory fabricated air handling unit
casings.

Pump shafts and couplings shall be fully guarded by a sheet steel guard,
covering coupling and shaft but not bearings. Material shall be minimum
16-gage sheet steel; ends shall be braked and drilled and attached to
pump base with minimum of four 6 mm {1/4-inch} bolts. Reinforce guard as

necessary to prevent side play forcing guard onte couplings.

2.5 LIFTING ATTACHMENTS

A,

Provide equipment with suitable lifting attachments to enable equipment
to be lifted in its normal position. Lifting attachments shall withstand
any handling cecnditions that might be encountered, without bending or

distortion of shape, such as rapid lowering and braking of load.

2.6 ELECTRIC MOTORS

A.

All material and equipment furnished and installation methods shall
conform to the requirements of Secticn 23 05 12, GENERAL MOTOR
REQUIREMENTS FOR HVAC; Section 26 29 11, LOW-VOLTAGE MOTOR STARTERS:
and, Section 26 05 21, LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND
CABLES (600 VOLTS AND BELOW). Provide all electrical wiring, conduit,
and devices necessary for the proper ceonnection, protection and
operation of the systems. Provide special energy efficient motors as
scheduled. Unless otherwise specified for a particular application use
electric motors with the following requirements.

Single-phase Motors: Capacitor-start type for hard starting

applications. Motors for centrifugal fans and pumps may be split phase

or permanent split capacitor (PSC).

Pely-phase Motors: NEMA Design B, Squirrel cage, induction type. Each

two-speed motor shall have twoe separate windings. Provide a time- delay

{20 seconds minimum) relay for switching from high te low speed.

Rating: Continucus duty at 100 percent capacity in an ambient

temperature of 40 degrees centigrade (104 degrees F); minimum horsepower

as shown on drawings; maximum horsepower in normal operation not to
exceed nameplate rating without service factor.

Special Regquirements:

1. Where motor power requirements of eguipment furnished deviate from
power shown on plans, provide electrical service designed under the
requirements of NFPA 70 without additional time or cost to the
Government.

2. Assemblies of motors, starters, controls and interlocks on factory
assembled and wired devices shall be in accerdance with the

requirements of this specification.

COMMON WORK RESULTS FOR HVAC
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3. Wire and cable materials specified in the electrical division of the
specifications shall be modified as follows:

a. Provide shielded conductors or wiring in separate conduits for all
instrumentation and control systems where recommended by
manufacturer of equipment.

4. Select motor sizes sco that the motors do not operate into the service
factor at maximum required loads on the driven equipment. Motors on
pumps shall be sized for non-overloading at all points on the pump
performance curves.

5. Moteors utilized with variable frequency drives shall be rated
“inverter-ready” per NEMA Standard, MGl, Part 31.4.4.2. Provide
motor shaft grounding apparatus that will protect bearings from
damage from stray currents.

Motor Efficiency and Power Factor: All moteors, when specified as “high

efficiency” by the project specifications on driven equipment, shall

conform to efficiency and power factor requirements in Section 23 05 12,

GENERAL MOTOR REQUIREMENTS FOR HVAC, with no consideration of annual

service hours. Motor manufacturers generally define these efficiency

requirements as “NEMA premium efficient” and the requirements generally
exceed these of the Energy Policy Act of 1992 (EPACT). Motors not
specified as “high efficiency” shall comply with EPACT.

Insulation Resistance: Not less than one-half meg-ohm between stator

conductors and frame, to be determined at the time of final inspection.

2.7 VARIABLE SPEED MOTOR CONTROLLERS

A,

Refer to Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS and
Section 26 29 11, LOW-VOLTAGE MOTCOR STARTERS for specifications.

The combination of controller and motor shall be provided by the
manufacturer of the driven equipment, such as pumps and fans, and shall
be rated for 100 percent output performance. Multiple units of the same
class of equipment, i.e. air handlers, fans, pumps, shall be product of
a single manufacturer.

Mctors shall be energy efficient type and be approved by the moter
controller manufacturer. The controller-motor combination shall be
guaranteed to provide full motor nameplate horsepower in variable
frequency operation. Both driving and driven motor/fan sheaves shall be
fixed pitch.

Contrcller shall not add any current or voltage transients to the input
AC power distribution system, DDC controls, etc., nor shall be affected
from cther devices on the AC power system.

COMMON WORK RESULTS FOR HVAC
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2.10 EQUIPMENT AND MATERIALS IDENTIFICATION

A.

Use symbols, nomenclature and equipment numbers specified, shown on the

drawings and shown in the maintenance manuals. Identification for piping

is specified in Section 09 91 00, PAINTING.

Interior (Indoor) Equipment: Engraved nameplates, with letters not less

than 48 mm (3/1é-inch) high of brass with black-filled letters, or rigid

black plastic with white letters specified in Section 09 91 00, PARINTING

permanently fastened to the equipment. Identify unit components such as

coils, filters, fans, etc.

Exterior {Outdoor) Equipment: Brass nameplates, with engraved black

filled letters, not less than 48 mm (3/16-inch) high riveted or bolted

to the equipment.

Control Items: Label all temperature and humidity sensors, controllers

and control dampers. Tdentify and label each item as they appear on the

control diagrams.

Valve Tags and Lists:

1. Valve tags: Engraved black filled numbers and letters not less than
13 mm (1/2-inch) high for number designation, and not less than
6.4 mm (1/4-inch) for service designation on 19 gage 38 mm (1-1/2
inches) round brass disc, attached with brass "S" hook or brass
chain.

2. Valve lists: Typed or printed plastic coated card{s}), sized 216
mn{8-1/2 inches) by 280 mm (11 inches) showing tag number, valve
function and area of contrel, for each service or system. Punch

sheets for a 3-ring notebook.

2.11 FIRESTOPPING

A,

Section 07 84 00, FIRESTOPPING specifies an effective barrier against
the spread of fire, smoke and gases where penetrations occur for piping
and ductwork. Refer to Section 23 07 11, HVAC, PLUMBING INSULATION, for

firestop pipe and duct insulation.

2.12 GALVANIZED REPAIR COMPQUND

A.

Green Seal Standard GC-03, paint form.

2.13 HVAC PIPE AND EQUIPMENT SUPPORTS AND RESTRAINTS

A.

Vibration Isolators: Refer to Section 23 05 41, NOISE AND VIBRATION
CONTRCL FOR HVAC PIPING AND EQUIFMENT.

Pipe Supports: Comply with MSS SP-58-2002. Type Numbers specified refer
to this standard. For selection and application comply with MSS SP-6%-
2003. Refer to Section 05 50 00, METAL FABRICATIONS, for miscellaneous
metal support materials and prime cecat painting reguirements.

Attachment tc Concrete Construction:

COMMON WORK RESULTS FOR HVAC
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1. Concrete insert: MSS SP-58-2002, Type 18.

2. Self-drilling expansicn shields and machine bolt expansion anchors:
Permitted in concrete not less than 102 mm {four inches} thick when
approved by the Resident Engineer for each job condition.

3. Power-driven fasteners: Permitted in existing concrete or masonry not
less than 102 mm (four inches) thick when approved by the Resident
Engineer for each job condition.

Attachment to Steel Construction:

1. Welded attachment: MSS SP-58-2002, Type 22.

2., Beam clamps: MSS SP-58-2002, Types 20, 21, 28 or 29. Type 23 C-clamp
may be used for individual copper tubing up to 23mm (7/8-inch)
outside diameter.

Hanger Rods: Hot-rolled steel, ASTM A36 or A575 for allowable load

listed in MSS SP-58-2002. For piping, provide adjustment means for

controlling level or slope. Types 13 or 15 turn-buckles shall provide 328

mm (1-1/2 inches) minimum of adjustment and incorporate locknuts.

All-thread rods are acceptable.

Hangers Supporting Multiple Pipes (Trapeze Hangers): Galvanized, cold

formed, lipped steel channel horizontal member, not less than 41 mm by

41 mm (1-5/8 inches by 1-5/8 inches), 2.7 mm {No. 12 gage), designed to

accept special spring held, hardened steel nuts.

1. Allowable hanger load: Manufacturers rating less 91lkg (200 pounds}.

2. Guide individual pipes on the horizontal member of every cther
trapeze hanger with 6 mm {1/4-inch) U-bolt fakricated from steel recd.
Provide Type 40 insulation shield, secured by two 13mm (1/2-inch)
galvanized steel bands, or preinsulated calcium silicate shield for
insulated piping at each hanger.

Supports for Piping Systems:

1. Select hangers sized to encircle insulation on insulated piping.
Refer to Section 23 07 11, HVAC, PLUMBING INSULATION for insulation
thickness. To protect insulation, previde Type 39 saddles for reller
type supports or preinsulated calcium silicate shields. Provide Type
40 insulation shield or preinsulated calcium silicate shield at all
other types of supports and hangers including those for preinsulated

piping.

2,14 PIPE PENETRATIONS

A.
B.

Install sleeves during construction,
Penetrations are nct allowed through beams or ribs, but may be installed
in concrete beam flanges. Any deviaticn from these regquirements must

receive prior approval of PM/CCR.

COMMON WORK RESULTS FOR HVAC
23 05 11 - 10



0z-10

C. Sheet Metal, Plastic, or Moisture-resistant Fiber Sleeves: Provide for
pipe passing through floors, interior walls, and partitions, unless
brass or steel pipe sleeves are specifically called for below.

D. Cast Iron or Zinc Coated Pipe Sleeves: Provide for pipe passing through
exterior walls below grade. Make space between sleeve and pipe
watertight with a modular or link rubber seal. Seal shall be applied at
both ands of sleeve.

E. Galvanized Steel or an alternate Black Ircn Plpe with asphalt coating
Sleeves: Provide for pipe passing through concrete beam flanges, except
where brass pipe sleeves are called for.

F. Brass Pipe Sleeves: Provide for pipe passing through quarry tile,
terrazze or ceramic tile floors. Connect sleeve with floor plate.

G. Sleeves are not required for wall hydrants for fire department
connections or in drywall construction.

H. Sleeve Clearance: Sleeve through floors, walls, partitions, and beam
flanges shall be one inch greater in diameter than external diameter of
pipe. Sleeve for pipe with insulation shall be large encugh to
accommodate the insulation. Interior openings shall be caulked tight
with fire stopping material and sealant to prevent the spread of fire,
smoke, and gases.

I. Sealant and Adhesives: Shall be as specified in Section 07 92 00, JOINT
SEALANTS.

2,15 SPECIAL TOOLS AND LUBRICANTS

A. Furnish, and turn over to the PM/COR, special tools not readily
available commercially, that are required for disassembly or adjustment
cf equipment and machinery furnished.

2.16 WALL, FLOOR AND CEILING PLATES

A. Material and Type: Chrome plated brass or chrome plated steel, one piece
or split type with concealed hinge, with set screw for fastening to
pipe, or sleeve. Use plates that fit tight arcund pipes, cover openings
around pipes and cover the entire pipe sleeve projection.

B. Thickness: Not less than 2.4 mm (3/32-inch) for floor plates. For wall
and ceiling plates, not less than 0.64 mm (0.025-inch) for up to 80 mm
(3-inch pipe), 0.8% mm {(0.035-inch) for larger pipe.

C. Locations: Use where pipe penetrates floors, walls and ceilings in
exposed locations, in finished areas only. Use also where insulation
ends on exposed water supply pipe drop from coverhead. Provide a
watertight joint in spaces where brass or steel pipe sleeves are
specified.

2.17 ASBESTOS

A. Materials centaining asbestos are not permitted.

COMMON WORK RESULTS FOR HVAC
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PART 3 - EXECUTION
3.1 ARRANGEMENT AND INSTALLATION OF EQUIPMENT AND PIPING

A, Coordinate location of piping, sleeves, inserts, hangers, ductwork and
equipment. Locate piping, sleeves, inserts, hangers, ductwork and
equipment clear of windows, deoors, openings, light cutlets, and other
services and utilities. Prepare equipment laycut drawings to coordinate
proper location and perscnnel access of all facilities. Submit the
drawings for review as required by Part 1. Follow manufacturer's
published recommendations for installation methods not ctherwise
specified.

B. Operating Personnel Access and Observation Provisions: Select and
arrange all equipment and systems to provide clear view and easy access,
without use of portable ladders, for maintenance and operatien cf all
devices including, but not limited to: all equipment items, valves,
filters, strainers, transmitters, senscors, control devices. Rll gages
and indicators shall be clearly visible by personnel standing on the
fioor or on permanent platforms. Do not reduce or change maintenance and
operating space and access provisions that are shown on the drawings.

C. Equipment and Piping Support: Coordinate structural systems necessary
for pipe and equipment suppoert with pipe and equipment locations to
permit proper installation.

D. Location of pipe sleeves, trenches and chases shall be accurately
coordinated with equipment and piping locations.

E. Cutting Holes:

1. Cut holes through concrete and masonry by rotary core drill.
Pneumatic hammer, impact electric, and hand or manual hammer type
drill will not be allowed, except as permitted by PM/COR where
working area space is limited.

2. Locate holes to avoid interference with structural members such as
beams or grade beams. Holes shall be laid out in advance and drilling
done only after approval by PM/CCR. If the Contractor considers it
necessary to drill through structural members, this matter shall be
referred to PM/COR for approval.

3. Do not penetrate membrane waterproocfing.

F. Interconnection of Instrumentaticn or Control Devices: Generally,
electrical and pneumatic interconnections are not shown but must be
provided.

G. Minor Piping: Generally, small diameter pipe runs from drips and drains,
water cooling, and other service are not shown but must be provided,.

H. Electrical Interconnection of Contrels and Instruments: This generally

not shown but must be provided. This includes interconnections of
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sensors, transmitters, transducers, control devices, control and

instrumentation panels, instruments and computer workstations. Comply

with NFPA-70.

Protection and Cleaning:

1, Equipment and materials shall be carefully handled, properly stored,
and adequately protected to prevent damage before and during
installation, in accordance with the manufacturer's recommendaticns
and as approved by the Project Manager. Damaged or defective items in
the opinion of the Project Manager, shall be replaced.

2. Protect all finished parts of equipment, such as shafts and bearings
where accessible, from rust prior to operation by means of protective
grease coating and wrapping. Close pipe openings with caps or plugs
during installation. Tightly cover and protect fixtures and equipment
against dirt, water chemical, or mechanical injury. At completion of
all work thoroughly clean fixtures, exposed materials and equipment.

Concrete and Grout: Use concrete and shrink compensating grout 25 MPa

(3000 psi} minimum,

Install gages, thermometers, wvalves and other devices with due regard

for ease in reading or operating and maintaining said devices. Locate

and position thermometers and gages to be easily read by operator or
staff standing on floor or walkway provided. Servicing shall not require
dismantling adjacent egquipment or pipe work.

Work in Existing Building:

1. Perform as specified in Article, OPERATIONS AND STORAGE AREAS,
Article, ALTERATIONS, and Article, RESTORATION of the Section 01 00
00, GENERAL REQUIREMENTS for relocation of existing equipment,
alterations and restoration of existing building(s).

2. As specified in Section 01 00 00, GENERAL REQUIREMENTS, Article,
OPERATIONS AND STORAGE AREAS, make alterations to existing service
piping at times that will least interfere with normal cperation of
the facility.

3. Cut required openings through existing masonry and reinforced
concrete using diamcnd core drills. Use of pneumatic hammer type
drills, impact type electric drills, and hand or manual hammer Lype
drills, will be permitted only with approval of the Resident
Engineer. Locate openings that will least effect structural slabs,
columns, ribs or beams. Refer to the Resident Engineer for
determination of proper design for openings through structural
secticns and opening layouts approval, prior to cutting or drilling

into structure. After Resident Engineer's approval, carefully cut
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opening through construction no larger than absolutely necessary for
the required installation.

Switchgear Drip Protection: Every effort shall be made to eliminate the

installation of pipe above electrical and telephone switchgear. If this

is not possible, encase pipe in a second pipe with a minimum of joints.

Inaccessible Equipment:

1. Where the Government determines that the Contractor has installed
equipment not conveniently accessible for operation and maintenance,
equipment shall be removed and reinstalled or remedial action
performed as directed at no additional cost tc the Government.

2. The term "conveniently accessible" is defined as capable of being
reached without the use of ladders, or without climbing or crawling
under or over obstacles such as motors, fans, pumps, belt guards,

transformers, high voltage lines, piping, and ductwork.

3.2 TEMPORARY PIPING AND EQUIPMENT

A.

Continuity of operation of existing facilities will generally require
temporary installation or relocation of equipment and piping.

The Contractor shall provide all required facilities in accordance with
the requirements of phased construction and maintenance of service. All
piping and equipment shall be properly supported, sloped to drain,
operate without excessive stress, and shall be insulated where injury
can occur to personnel by contact with operating facilities. The

requirements of Para. 3.1 apply.

3.3 RIGGING

A.

Design is based on application of available equipment. Openings in
building structures are planned tc accommodate design scheme.
Alternative methods of eguipment delivery may be offered by Contractor
and will be considered by Government under specified restrictions of
phasing and maintenance of service as well as structural integrity of
the building.

Close all openings in the building when not required for rigging
operations to maintain proper envirconment in the facility for Government
operation and maintenance of service.

Contractor shall provide all facilities required to deliver specified
equipment and place on foundations. Attachments to structures for
rigging purposes and suppcrt of equipment on structures shall be
Contractor's full responsibility. Upon request, the Government will
check structure adequacy and advise Contractor of recommended
restrictions.

Contractor shall check all clearances, weight limitations and shall

offer a rigging plan designed by a Registered Professional Engineer. All
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modifications to structures, including reinforcement thereof, shall be

at Contractor's cost, time and responsibility.

F. Rigging plan and methods shall be referred to PM/COR for evaluation
prior to actual work.

G. Restore building to original condition upon completion of rigging work.

3.4 PIPE AND EQUIPMENT SUPPORTS

A. Where hanger spacing does not correspond with joist or rib spacing, use
structural steel channels secured directly te joist and rib structure
that will correspond to the required hanger spacing, and then suspend
the eguipment and piping from the channels. Drill or burn holes in
structural steel only with the prior apprcval of the PM/COR.

B. Use of chain, wire or strap hangers; wood for blocking, stays and
bracing; or, hangers suspended from piping above will not be permitted.
Replace cr thoroughly clean rusty products and paint with zinc primer.

C. Use hanger rods that are straight and vertical. Turnbuckles for vertical
adjustments may be cmitted where limited space prevents use. Provide a
minimum of 15 mm (1/2-inch) clearance between pipe or piping covering
and adjacent work.

D. HVAC Horizontal Pipe Support Spacing: Refer to MSS SP-69-2003. Provide
additional supports at valves, strainers, in-line pumps and other heavy
components. Provide a support within one foot of each elbow.

E. Overhead Supports:

1. The basic structural system of the building is designed to sustain
the loads imposed by equipment and piping to be supported overhead.

2. Provide steel structural members, in addition to those shown, of
adequate capability to support the imposed loads, located in
accordance with the final approved layout of equipment and piping.

F. Floor Supports:

1. Provide concrete bases, concrete anchor blocks and pedestals, and
structural steel systems for support of equipment and piping. Anchor
and dowel ceoncrete bases and structural systems to resist forces
under operating and seismic conditions (if applicable} without
excessive displacement or structural failure.

2. Do not locate or install bases and supports until equipment mounted
thereon has been approved. Size bases tc match equipment mounted
thereon plus 50 mm (2 inch) excess cn all edges. Refer to structural
drawings. Bases shall be neatly finished and smoothed, shall have
chamfered edges at the top, and shall be suitable for painting.

3. All egquipment shall be shimmed, leveled, firmly anchored, and grouted

with epoxy grout. Anchor bolts shall be placed in sleeves, anchored
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to the bases. Fill the annular space between sleeves and bolts with a
granular material to permit alignment and realignment.

4. For seismic anchoring, refer to Section 13 05 41, SEISMIC RESTRAINT
REQUIREMENTS FOR NON-STRUCTURAL COMPONENTS.

3.5 MECHANICAL DEMOLITION

A.

Rigging access, other than indicated on the drawings, shall be provided
by the Contractor after approval for structural integrity by the PM/COR.
Such access shall be provided without additional cost or time to the
Government.

Confine the work to the immediate area concerned; maintain cleanliness
and wet down demolished materials to eliminate dust. Perform all flame
cutting to maintain the fire safety integrity of this facility. Adequate
fire extinguishing facilities shall be available at all times. Perform
all work in accordance with reccgnized fire protection standards.
Inspection will be made by perscnnel of the VA Cemetery, and Contractor
shall follew all directives of the PM/COR with regard to rigging,
safety, fire safety, and maintenance of operations.

Completely remove all piping, wiring, conduit, and other devices
associated with the equipment not toe be re-used in the new work. This
includes all pipe, valves, fittings, insulation, and all hangers
including the top connection and any fastenings to building structural
systems. Seal all openings, after removal of equipment, pipes, ducts,
and other penetrations in reoof, walls, floors, in an approved manner and
in accordance with plans and specifications where specifically covered.
Structural integrity of the building system shall be maintained.
Reference shall also be made to the drawings and specifications of the
other disciplines in the project for additional facilities to be
demclished or handled.

211 valves including gate, globe, ball, butterfly and check, all
pressure gages and thermometers with wells shall remain Government
property and shall be removed and delivered to PM/COR and stored as
directed. The Contractor shall remove all cther material and eqguipment,
devices and demolition debris under these plans and specifications. Such
material shall be removed from Government property expeditiocusly and

shall not be allowed to accumulate.

3.6 CLEANING AND PAINTING

A.

Prior to final inspection and acceptance of the facilities for
beneficial use by the Government, the facilities, equipment and systems
shall be thoroughly cleaned and painted.

In addition, the fellewing special conditions apply:
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1. Cleaning shall be thorough. Use cleaning materials and methods
recommended by the manufacturers for the specific tasks. Remove all
rust prior to painting and from surfaces to remain unpainted. Repair
scratches, scuffs, and abrasiocns prior to applying prime and finish
coats.

2. Material And Equipment Not To Be Painted Includes:

a. Motors, ccntrollers, control switches, and safety switches.
b. Controcl and interlock devices.
c. Regulators.

Pressure reducing valves.

Control valves and thermcstatic elements.

Lubrication devices and grease fittings.

Copper, brass, aluminum, stainless steel and bronze surfaces.

=2 o T R I o

Valve stems and rotating shafts.

-

Pressure gauges and thermometers.

j. Glass.
k. Name plates.

3. Control and instrument panels shall be cleaned, damaged surfaces
repaired, and shall bes touched-up with matching paint obtained from
panel manufacturer,

4. Pumps, motors, steel and cast iron bases, and coupling guards shall
be cleaned, and shall be touched-up with the same colecr as utilized
by the pump manufacturer

5. Final result shall be smooth, even=-colored, even-textured factory
finish on all items. Completely repaint the entire piece of

equipment if necessary to achieve this.

3.7 IDENTIFICATION SIGNS

A.

Factory Built Eguipment: Metal plate, securely attached, with name and
address of manufacturer, serial number, model number, size and

performance.

B. Pipe Identification: Refer to Section 08 91 00, PAINTING.
3.8 MOTOR AND DRIVE ALIGNMENT

A.

Belt Drive: Set driving and driven shafts parallel and align so that the

corresponding grooves are in the same plane.

Direct-connect Drive: Securely mount motor in accurate alignment so that

shafts are free from both angular and parallel misalignment when both

motor and driven machine are operating at normal temperatures.

3.9 LUBRICATION

A. Lubricate all devices requiring lubricatien prior to initial operation,

B.

and field-check all devices for proper lubrication.

Equip all devices with required lubrication fittings or devices.
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All lubrication points shall be accessible without disassembling

equipment, except to remove access plates.

3.10 STARTUP AND TEMPORARY OPERATICN

A.

Startup equipment per manufacturer’s instructicons. Verify that vibration
is within specified tolerance prior to extended operation. Temporary use
of equipment is specified in Section 01 00 00, GENERAL REQUIREMENTS,
Article, TEMFORARY USE OF MECHANICAL AND ELECTRICAL EQUIPMENT.

3.11 OPERATING AND PERFCRMANCE TESTS

A,

Pricr toc the final inspection, perform required tests as specified in
Section 01 00 00, GENERAL REQUIREMENTS, Article, TESTS and submit the
test reports and records to the PM/COR.
Should evidence of malfunction in any tested system, or piece of
equipment or component part thereof, occur during or as a result of
tests, make proper corrections, repairs or replacements, and repeat
tests at no additicnal cost to the Government.
When completion of certain work or system occurs at a time when final
control settings and adjustments cannot be properly made to make
performance tests, then make performance tests for heating systems and
for ceceling systems respectively during first actual seasonal use of
respective systems following completion of work.

- - =-END- - -
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SECTION 23 05 12
GENERAL MOTOR REQUIREMENTS FOR HVAC EQUIPMENT

1 - GENERAL

1.1 DESCRIPTION

This section specifies the furnishing, installation and connection of

motors for HVAC eguipment.

1.2 RELATED WORK

A.

C.

Section 2¢ 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS: General
electrical regquirements that are common tc more than one Section of
Division 26.

Section 26 29 11, LOW-VOLTAGE MOTOR STARTERS: Starters, control and
protection for motors.

Other sections specifying motor driven eguipment in Division 23.

1.3 SUBMITTALS

A.

In accordance with Section, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS,

submit the following:

Shop Drawings:

1. sSufficient information, clearly presented, shall be included to
determine compliance with drawings and specifications.

2, Include electrical ratings, dimensions, mounting details, materials,
horsepower, RPM, enclosure, starting characteristics, torgue
characteristics, ccde letter, full load and locked rotor current,
service factor, and lubrication method.

Manuals:

1. Submit simultaneously with the shop drawings, companion copies of
complete maintenance and operating manuals, including technical data
sheets and application data.

Certificaticon: Two weeks prior to final inspection, unless otherwise

noted, submit four copies of the following certification to the Resident

Engineer:

1. Certification that the motors have been properly applied, installed,
adjusted, lubricated, and tested.

1.4 APPLICABLE PUBLICATIONS

A.

Publications listed below (including amendments, addenda, revisions,
supplements and errata) form a part of this specification tec the extent
referenced. Publications are referenced in the text by designation only.
National Electrical Manufacturers Association (NEMA) :

MG 1-2006 Rev 1 2007....Motors and Generators

National Fire Protection Asscciation (NFPA):

T0-08. .t National Electrical Code (NEC)

GENERAIL MOTOR REQUIREMENTS FOR HVAC EQUIPMENT
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PART 2 - PRODUCTS
2.1 MOTCRS

A.

For alternating current, fracticnal and integral horsepower motors, NEMA

Publications MG 1 and MG 2 shall apply.

Voltage ratings shall be as follows:

1. Single phase:

a. Motors connected to 120-volt systems: 113 volts.

b, Motors connected to 208-volt systems: 200 volts.

c. Mctors connected to 240 volt cor 480 volt systems: 230/460 volts,
dual connectiocn.

2. Three phase:

a. Moters connected to 208-volt systems: 200 volts.

b. Motors, less than 74.6 kW (100 HP), connected to 240 wvolt or 480
volt systems: 230/460 volts, dual connection.

Number of phases shall be as follows:

1. Motors, less than 373 W (1/2 HP): Single phase.

2. Motors, 373 W {1/2 HP) and larger: 3 phase.

3. Exceptions:

a. Hermetically sealed motors.

b. Motors for equipment assemblies, less than 746 W (one HF), may be
single phase provided the manufacturer of the preoposed assemblies
cannot supply the assemblies with three phase motors.

Horsepower ratings shall be adequate for operating the connected loads

continuously in the prevailing ambient temperatures in aresas where the

motors are installed, without exceeding the NEMA standard temperature
rises for the metor insulation.

Motor designs, as indicated by the NEMA code letters, shall be

coordinated with the ccnnected loads to assure adequate starting and

running torgue.

Motor Enclosures:

1. Shall be the NEMA types shown on the drawings for the motors.

2. Where the types of motor enclosures are not shown on the drawings,
they shall be the NEMA types, which are mecst suiltakle for the
environmental conditions where the moters are being installed.

3. Enclosures shall be primed and finish cecated at the factory with
manufacturer's prime coat and standard finish.

Additional requirements for specific motors, as indicated in cother

sections, shall also apply.

Energy-Efficient Motors (Motor Efficiencies): ARll permanently wired

polyphase motors of 746 Watts or mere shall meet the minimum full-lcad

efficiencies as indicated in the feollowing table, and as specified in
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this specificaticn. Motors of 746 Watts or more with open, drip-procf
or totally enclosed fan-cooled enclosures shall be NEMA premium
efficiency type, unless otherwise indicated. Motors provided as an
integral part of motor driven equipment are excluded from this
requirement if a minimum seasonal or overall efficiency requirement is

indicated for that equipment by the provisions of another section.

Minimum Efficiencies Minimum Efficiencies
Open Drip-Proof Totally Enclosed Fan-Cocled
Rating 1200 1800 3600 RPM Rating 1200 1800 3600
kW (HP) RPM RPM kW {HP) RPM RPM RPM
0.746 (1) 82.5% 85.5% 77.0% 0.746 (1)} 82.5% B5.5% 77.0%
1.12 (1.5} B6.5% 86.5% 84.0% 1.12 (1.5) B7.5% B6.5% 84.0%
1.49 (2) B7.5% 86.5% 85.5% 1.49 (2} 88.5% B6.5% 85.5%
2.24 (3) B8.5% 89.5% 85.5% 2.24 (3} B9.5% 89.5% B6.5%
3.73 (5} B9.5% 89.5% 86.5% 3.73 (5} B9,52 89.5% 88.5%
5.80 {7.5) 90.2% 91.0% 88.5% 5.60 (7.5) 91.0% 91.7% 89.5%
7.46 (10) 91.7% 91.7% 8%.5% 7.46 (10} 91.0% 91.7% 90.2%
11.2 {15} 91.7% 93.0% 90.2% 11.2 (15} 91.7% 92.4% 91.0%
14.9 (20} 92.4% 93.0% 91.0% 14.9 (20} 91.7% 93.0% 91.0%
18.7 (25) 93.0% 93.6% 91.7% 18.7 (25) 93.0% 93.6% 91.7%
22.4 (30} 93.6% 94.1% 91.7% 22.4 (30} 93.0% 93.6% 91.7%
29.8 (40) 94.1% 94.1% 92.4% 29.8 (409 94.1% 94.1% 92.4%

I. Minimum Power Factor at Full Load and Rated Voltage: 90 percent at 1200
RPM, 1800 RPM and 3600 RPM.
J. Premium efficiency motors shall be used where energy cost/kW x (hours
use/year) > 50,
PART 3 - EXECUTION
3.1 INSTALLATICN
A. Install metors in acceordance with manufacturer’s recommendations, the
NEC, NEMA, as shown on the drawings and/or as required by other sections
of these specificatiocns.
3.2 FIELD TESTS
A. Megger all motors after installation, before start-up. All shall test
free from grounds.
- - -END- - -
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SECTION 23 05 41
NOISE AND VIBRATION CONTROL FOR HVAC PIPING AND EQUIPMENT
PART 1 - GENERAL
1.1 DESCRIPTION
A. Noise criteria, vibration teolerance and vibration isolation for HVAC
and plumbing work.
1.2 RELATED WORK
A, Section 23 05 11, COMMON WORK RESULTS FOR HVAC: General mechanical
requirements and items, which are commcn to more than one section of
Divisicn 23.
B. Section 23 31 00, HVAC DUCTS AND CASINGS: requirements for flexible
duct connectors, sound attenuatcrs and sound absorbing duct lining.
C. Section 23 05 93, TESTING, ADJUSTING, AND BALANCING FOR HVAC:
requirements for sound and vibration tests.
1.3 QUALITY ASSURANCE
A. Refer to article, QUALITY ASSURANCE in specification Section 23 05 11,
COMMON WORK RESULTS FOR HVAC.
B. Noise Criteria:
1. Noise levels in all & octave bands due to equipment and duct systems

shall not exceed following NC levels:

Type Of Room NC LEVEL

Bathrooms and Toilet Rooms 40

Conference Rooms 35

Corridors{Public) 40

Lobbies, Waiting Areas 40

Offices, large open (3 or more 40
occupants)

Offices, small private (2 or fewer 35
occupants)

Mechanical 50

2. For equipment which has no scund power ratings scheduled on the
plans, the contractor shall select equipment such that the fore-
going noise criteria, local ordinance noise levels, and OSHA re-
quirements are not exceeded. Selection procedure shall be in
accordance with ASHRAE Fundamentals Handbook, Chapter 8, Sound and
Vibration.

3. An allowance, nct to exceed 5adb, may be added to the measured value
tc compensate for the variation of the room attenuating effect

between room test condition prior to occupancy and design ceondition
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after occupancy which may include the addition of sound absorbing
material, such as, furniture. This allowance may not be taken after
occupancy. The room attenuating effect is defined as the difference
between sound power level emitted to room and sound pressure level
in room.

4, In absence of specified measurement requirements, measure eguipment
noise levels three feet from eguipment and at an elevation of maxi-
mum noise generation.

C. Allowable Vibraticn Tolerances for Rotating, Non-reciprocating Equip-
ment: Not to exceed a self-excited vibraticn maximum velocity of 5 mm
per second (0.20 inch per second) RMS, filter in, when measured with a
vibration meter on bearing caps of machine in vertical, horizontal and
axial directions or measured at equipment mounting feet if bearings are
concealed. Measurements for internally isclated fans and motors may be
made at the mounting feet.

1.4 SUBMITTALS

A. Submit in accordance with specification Section 01 33 23, SHOP
DRAWINGS, PRODUCT DATA, AND SAMPLES.

B. Manufacturer's Literature and Data:

1. Vibration isclators:

a. Floor mountings
b. Hangers

C. Snubbers

d. Thrust restraints

2. Bases.

3. Acocustical enclosures.

C. Isolator manufacturer shall furnish with submittal load calculations
for selection of isclators, including supplemental bases, based on
lowest operating speed of equipment supported.

1.5 APPLICABLE PUBLICATIONS

A. The publications listed below form a part of this specification to the
extent referenced. The publications are referenced in the text by the
basic designation only.

B. American Society cf Heating, Refrigerating and Air-Conditioning
Engineers, Inc. (ASHRAE):

2009 . i i e e Fundamentals Handbook, Chapter 8, Sound and

Vibration

C. American Society for Testing and Materials (ASTM):

NOISE AND VIBRATION CONTROL FCR HVAC PIPING AND EQUIPMENT
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B123/R123M-08........... Standard Specification for Zinc (Hot-Dip
Galwvanized) Coatings on Iron and Steel Products

A307-07. i iiiaae e Standard Specification for Carbon Steel Bolts

and Studs, 60,000 PSI Tensile Strength

D2240-05...... .0 Standard Test Method for Rubber Property -

Durometer Hardness

D. Manufacturers Standardization (MSS):

SP-58-02..... ... Pipe Hangers and Supports-Materials, Design and

Manufacture

E. Occupational Safety and Health Administration (OSHA):

29 CFR 1910.95.......... Occupational Noise Exposure

PART 2 -~ PRODUCTS
2.1 GENERAL REQUIREMENTS

A. Type of isclater, base, and minimum static deflection shall be as
required for each specific equipment application as recommended by
iselator or equipment manufacturer but subject to minimum requirements
indicated herein and in the schedule on the drawings.

B. Elastometric Isclators shall comply with ASTM D2240C and be oil
resistant neoprene with a maximum stiffness of 60 durometer and have a
straight-line deflection curve.

C. Exposure to weather: Isclatorsg, including springs, exposed to weather
shall be hot dip galvanized after fabrication. Hot-dip zinc coating
shall not be less than 609 grams per square meter {two ounces per
square foot) by weight complying with ASTM Al23.

D. Uniform Loading: Select and locate isclators to produce uniform loading
and deflection even when equipment weight is not evenly distributed.

E. Color code iscolators by type and size for easy identification of
capacity.

2.3 VIBRATICN ISOLATCRS

A. Floor Mountings:

1. Double Deflection Necprene (Type N): Shall include neoprene covered
steel support plated (top and bottom), friction pads, and necessary
belt holes.

2. Spring Isolatcrs (Type S5): Shall be free-standing, laterally stable
and include accustical friction pads and leveling bolts. Isoclators
shall have a minimum ratio of spring diameter-to-operating spring
height of 1.0 and an additional travel to solid equal to 50 percent

of rated deflecticn.
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3. Spring Isolators with Vertical Limit Stops (Type SP): Similar to
spring isolators noted above, except include a vertical limit stop
to limit upward travel if weight i1s removed and also to reduce
movement and spring extension due to wind loads. Provide clearance
around restraining bolts to prevent mechanical short circuiting. //
Isolators shall have a minimum seismic rating of one G. //

4. Pads (Type D), Washers (Type W), and Bushings (Type L}: Pads shall
be felt, cork, neoprene waffle, necoprene and cork sandwich, neoprene
and fiberglass, necprene and steel waffle, or reinforced duck and
neoprene. Washers and bushings shall be reinforced duck and
neoprene. Size pads for a maximum load of 345 kPa (50 pounds per
square inch).

B. Hangers: Shall be combination neoprene and springs unless otherwise
noted and shall allow for expansion of pipe.

1. Combinaticon Necprene and Spring (Type H}: Vibration hanger shall
contain a spring and double deflection neoprene element in series.
Spring shall have a diameter not less than 0.8 of compressed oper-
ating spring height. Spring shall have a minimum additional travel
of 50 percent between design height and sclid height. Spring shall
permit a 15 degree angular misalignment witheout rubbing on hanger
box.

2. Spring Position Hanger (Type HP): Similar tc¢ combination neoprene
and spring hanger except hanger shall hold piping at a fixed
elevation during installaticn and include a secondary adjustment
feature to transfer load tc spring while maintaining same position.

3. Neoprene {(Type HN): Vibration hanger shall contain a double
deflection type neoprene isolation element. Hanger rod shall be
separated from contact with hanger bracket by a necprene grcommet.

4. Spring (Type HS): Vibration hanger shall centain a coiled steel
spring in series with a necprene grommet. Spring shall have a
diameter not less than 0.8 of compressed operating spring height.
Spring shall have a minimum additional travel of 50 percent between
design height and solid height. Spring shall permit a 15 degree
angular misalignment without rubbing on hanger box.

5. Hanger suppcrts for piping 50 mm (2 inches) and larger shall have a
pointer and scale deflection indicator.

2.4 BASES
A, Rails (Type R}: Design rails with isc¢lator brackets to reduce mounting

height of equipment and cradle machines having legs or bases that do

NOISE AND VIBRATION CCONTROL FOR HVAC PIPING AND EQUIPMENT
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not require a complete supplementary base. To assure adequate
stiffness, height of members shall be a minimum of 1/12 of longest base
dimension but not less than 100 mm (4 inches). Where rails are used
with neoprene mounts for small fans or close coupled pumps, extend
rails to compensate overhang of housing.

Integral Structural Steel Base (Type B): Design base with isolator
brackets to reduce mounting height of eguipment which require a
complete supplementary rigid base. To assure adequate stiffness, height
of members shall be a minimum of 1/12 of longest base dimension, but
not less than 100 mm (four inches).

Inertia Base (Type I): Base shall be a reinforced concrete inertia
base. Pour concrete into a welded steel channel frame, incorporating
prelocated equipment anchor bolts and pipe sleeves. Level the concrete
to provide 2 smooth uniform bearing surface for esguipment mounting.
Provide grcut under uneven supports. Channel depth shall be a minimum
of 1/12 of longest dimension of base but not less than 150 mm (six
inches). Form shall include 13-mm (1/2-inch} reinforcing bars welded in
place on minimum ¢f 203 mm {eight inch} centers running both ways in a
layer 40 mm (1-1/2 inches) above bottom. Use height saving brackets in
all mounting locaticons. Weight of inertia base shall be equal to or
greater than weight of equipment supported to provide a maximum peak-
to-peak displacement of 2 mm (1/16 inch).

Curb Mounted Isclation Base (Type CB): Fabricate from aluminum to fit
on top of standard curb with cverlap to allow water run-off and have
wind and water seals which shall not interfere with spring action.
Provide resilient snubbers with 6 mm (1/4 inch) clearance for wind
registance. Top and bottom bearing surfaces shall have sponge type
weather seals. Integral spring isclators shall comply with Spring

Isolator (Type S) reguirements.

PART 3 - EXECUTION

3.1 INSTALLATION

A.

Vibration Isclaticn:

1. No metal-to-metal contact will be permitted between fixed and
flecating parts.

2. Connections to Equipment: Allow for deflections equal to or greater
than equipment deflections. Electrical, drain, piping connections,
and other items made to rotating or reciprocating equipment (pumps,

compressors, etc.) which rests on vibration isclaters, shall be

NOISE AND VIBRATION CONTROL FOR HVAC PIPING AND EQUIPMENT
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isolated from building structure for first three hangers or
supports.

3. Common Foundation: Mount each electric motor on same foundation as
driven machine. Hold driving motor and driven machine in positive
rigid alignment with provision for adjusting motor alignment and
belt tension. Bases shall be level throughout length and width.
Provide shims to facilitate pipe connections, leveling, and bolting.

4. Provide heat shields where elastomers are subject to temperatures
over 38 degrees C ({100 degrees F).

5. Extend bases for pipe elbow supports at discharge and sucticn
connections at pumps. Pipe elbow supports shall not short circuit
pump vibration to structure.

6. Non-rotating equipment such as heat exchangers and convertors shall
be mounted on isolation units having the same static deflection as
the isolation hangers or support of the pipe connected to the
equipment.

Inspection and Adjustments: Check for vibration and noise transmission

through connections, piping, ductwork, foundations, and walls. Adjust,

repair, or replace isclators as reguired te reduce vibration and noise

transmissicns to specified levels.

3.2 ADJUSTING

A.

Adjust vibration isolators after piping systems are filled and
equipment is at operating weight.

Adjust limit stops on restrained spring isolators to mount egquipment at
normal operating height. After equipment installation is complete,
adjust limit stops so they are cut of contact during normal cperation,
Attach thrust limits at centerline of thrust and adjust to a maximum of
6-mm (1/4inch) movement during start and stop.

Adjust active height of spring isolators.

---END- - -

NOISE AND VIBRATION CONTROL FOR HVAC PIPING AND EQUIPMENT
23 05 41 - 6



SELECTION GUIDE FOR VIBRATION ISOLATORS

03-10

EQUIPMENT ON GRADE 20FT FLOOR SPAN 30FT FLOOR SPAN 40FT FLOOR SPAN SOFT FLOOR SPAN
BASE | 1s0L { MIN | BasE | 1son | MIN | BasE | 1son | mIn | BasE | 1son | min | BAss | IsoL | MIN
TYPE | TYEE | DEFL | TypE | TYPE | DEFL | TYPE | TYPE | DEFL | TYPE | TYPE | DEFL | TYPE | TYPE | DEFL
REFRIGERATION MACHINES
PACKAGED -—- D -—— ] --- sp 1.0 | --- SP 1.7 )| --- sp 1.7 R 5P 2.5
COMPRESSORS
UP THROUGH 1-1/2 -— |oL, | ——]-—--{---]--|-|---]-—-]-—-|-—--0]-—q4-—1|-—1 -
HP W
2 HP AND OVER:
500 - 750 RPM --- D -— -] ] - - -] -] ---
750 RPM & OVER -—- D -— |- -] ---1---|--|-—-—-1--|-—--1]-—-01---1]-—| -
PUMPS
vero { — | — |-} ——|-"-|--1--]--|-—]--—]-—|-—1-—-—-1]-—-—1 -
10 HP
BASE et SO R E Il Il Ml St M Ml Et Bl e Bl M
MOUNTED up
ROOF VENTILTORS
AROVE OCCUPIED AREAS:
5 HP & OVER e el CB s 1.6 CB s 1.0 CR 3 1.0 CB S 1.0
AIR HANDLING UNIT PACKAGES
SUSPENDED:
UP THRU 5 HP -— | — | -] --- H 1.0 | -—- H 1.0 | --- H 1.0 | --- H 1.0

7-1/2 HP & QVER:
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EQUIPMENT ON GRADE 20FT FLOOR SPAN 30FT FLOQR SPAN 40FT FLOOR SPAN S50FT FLOOR SPAN

BASE | ISOL MIN BASE | ISOL MIN BASE | ISOL MIN BASE | ISOL MIN BASE | ISOL MIN
TYPE | TYPE | DEFL | TYPE | TYPE | DEFL | TYPE | TYPE | DEFL | TYPE | TYPE | DEFL | TYPE | TYPE | DEFL

UE TO 500 RPM —-— - - - H, 1.7 -——= H, 1.7 - H, 1.7 ——— H, 1.7
THR THR THR THR

501 RPM & OVER -——= - - - H, 1.0 - H, 1.0 -—= H,TH 1.7 - H,TH 1.7
THR THR R R

UP THRU 5 HP — D —— - - - - - - - - | -
7-1/2 HP & OVER:
UP TO 500 RPM -— D --- R s, 1.7 R S, 1.7 R s, 1.7 R s, 1.7
THR THR THR THR
501 REM & OVER -— D e s, 1.0 | --- s, 1.0 R s, 1.7 R s, 1.7
THR THR THR THR
NOTES:

1. Edit the Table above to suit where isolator, other than those shown, are used, such as for seismic restraints
and positicn limit stops.

2. For suspended floors lighter than 100 mm (4 inch) thick concrete, select deflecticn requirements from next
higher span.

3. For separate chiller building on grade, pump isclators may be cmitted.

4. Direct bolt fire pumps to concrete base. Provide pads (D) for domestic water booster pump package.

5. For projects in seismic areas, use only SS & DS type isolators and snubbers.

6. For floor mounted in-line centrifugal blowers (ARR 1): use "B" type in lieu of "R" type base.

7. Suspended: Use "H" isclators of same deflection as floor mounted.
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SECTION 23 05 93
TESTING, ADJUSTING, AND BALANCING FCR HVAC
PART 1 - GENERAL
1.1 DESCRIPTION
A. Testing, adjusting, and balancing {(TAB) of heating, ventilating and air
conditioning (HVAC) systems. TAB includes the following:
Planning systematic TAB procedures.

Design Review Report.

1

2

3. Systems Inspection report.

4. Duct Air Leakage test report.

5. Systems Readiness Report.

6. Balancing air and water distribution systems; adjustment of total
system to provide design performance; and testing performance of
equipment and automatic controls.

7. Vibration and sound measurements.

8. Recording and reporting results.

Definitions:

1. Basic TAB used in this Section: Chapter 37, "Testing, Adjusting and
Balancing"” of ASHRAE Handbook, "HVAC Applications".

2. TAB: Testing, Adjusting and Balancing; the process of checking and

adjusting HVAC systems to meet design objectives.
RABC: Assoclated Alr Balance Council.

NEBB: Natiocnal Environmental Balancing Bureau.

Hydreonic Systems: Includes ground source heat pump condenser water.

(o2 TR & { B S S |

Air Systems: Includes all outside air, supply air, return air,
exhaust air and relief air systems.

7. Flow rate tolerance: The allowable percentage variation, minus to
plus, of actual flow rate from values (design) in the contract
documents.

1.2 RELATED WORK
A. Section 23 05 11, COMMON WORK RESULTS FOR HVAC: General Mechanical

Requirements.

B. Secticon 23 05 41, NOISE AND VIBRATION CONTRCL FOR HVAC PIPING AND

EQUIPMENT: Ncise and Vibration Reguirements.

C. Secticon 23 07 11, HVAC AND PLUMBING INSULATION: Piping and Eguipment

Insulation.

D. Section 23 36 00, AIR TERMINAL UNITS: Terminal Units Performance.

Section 23 31 00, HVAC DUCTS AND CASINGS: Duct Leakage.

TESTING, ADJUSTING, AND BALANCING FOR HVAC
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F. Section 23 09 23, DIRECT-DIGITAL CONTROL SYSTEM FOR HVAC: Controls and

Instrumentation Settings,

1.3 QUALITY ASSURANCE
A. Refer to Articles, Quality Assurance and Submittals, in Section
23 05 11, COMMON WORK RESULTS FOR HVAC.
B. Qualifications:

1. TAB Agency: The TAB agency shall be a subcontractor of the General
Contractor and shall report to and be paid by the General
Contractor.

2. The TAB agency shall be either a certified member of AABC or
certified by the NEBB to perform TAR service for HVAC, water
balancing and vibrations and sound testing of equipment. The
certification shall be maintained for the entire duration of duties
specified herein. If, for any reason, the agency loses subject
certificaticn during this period, the General Contractor shall
immediately notify the PM/COR and submit another TAB firm for
approval. Any agency that has been the subject of disciplinary
action by either the AABC or the NEBB within the five years
preceding Contract Award shall not be eligible to perform any work
related to the TAB. All work performed in this Section and in other
related Sections by the TAB agency shall be considered invalid if
the TAB agency loses its certification prior to Contract completion,
and the successor agency’s review shows unsatisfactory work
performed by the predecessor agency.

3. TABE Specialist: The TAB specialist shall be either a member of AABC
or an experienced technician of the Agency certified by NEBB. The
certificaticn shall be maintained for the entire duration of duties
specified herein. If, for any reascn, the Specialist loses subject
certification during this periecd, the General Contractor shall
immediately notify the PM/COR and submit another TAB Specialist for
approval. Any individual that has been the subject cf disciplinary
action by either the AABC or the NEBB within the five years
preceding Contract Award shall not be eligible to perform any duties
related to the HVAC systems, including TAB. All work specified in
this Section and in other related Sections performed by the TAB
specialist shall be considered invalid if the TAB Specialist loses
its certification prior to Contract completion and must be performed

by an approved successor.

TESTING, ADJUSTING, AND BALANCING FOR HVAC
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TAB Specialist shall be identified by the General Contractor within
60 days after the notice to proceed. The TAB specialist will be
coordinating, scheduling and reporting all TAE work and related
activities and will provide necessary information as required by the
PM/COR. The responsibilities would specifically include:
Shall directly supervise all TAB work.
Shall sign the TAB reports that bear the seal of the TAB
standard, The reports shall be accompanied by report forms and
schematic drawings required by the TAB standard, AABC or NEBB.
Would follow all TAB work through its satisfactory completion.
d. Shall provide final markings of settings of all HVAC adjustment
devices.
e. Permanently mark location of duct test ports.
All TAB technicians performing actual TAB work shall be experienced
and must have done satisfactory work on a minimum of 3 projects
comparable in size and complexity to this project. Qualifications

must be certified by the TAB agency in writing.

C. Test Equipment Criteria: The instrumentation shall meet the

accuracy/calibration requirements established by AARBC National

Standards or by NEBB Procedural Standards for Testing, Adjusting and

Balancing of Environmental Systems and instrument manufacturer. Provide

calibration history of the instruments to be used for test and balance

purpose.

D. Tab Criteria:

1.

One or more of the applicable AABC, NEBE or SMACNA publications,

supplemented by ASHRAE Handbeok "HVAC Applicatiens™ Chapter 36, and

requirements stated herein shall be the basis for planning,

procedures, and reports.

Flow rate telerance: Following tolerances are allowsd. For

tolerances not mentioned herein follow ASHRAE Handbook "HVAC

Applications", Chapter 3%, as a gquideline. Air Filter resistance

during tests, artificially imposed if necessary, shall be at least

90 percent of final values for pre-filters and after—filters.

a. Alr handling unit and all other fans, cubic meters/min {(cubie
feet per minute}: Minus 0 percent to plus 10 percent.

b. Air terminal units (maximum values): Minus 2 percent to plus 10
percent.

c. Minimum cutside air: 0 percent to plus 10 percent.

TESTING, ADJUSTING, AND BALANCING FOR HVAC
23 05 93 - 3




3.

05-10

d. Individual room air outlets and inlets, and air flow rates not
mentioned above: Minus 2 percent to plus 10 percent except if the
ailr to a space is 100 CFM or less the tolerance would be 0 to
plus 5 percent.

e¢. Chilled water and condenser water pumps: 0 percent to plus 5
percent.

f. Chilled water ceils: 0 percent te plus 5 percent.

Systems shall be adjusted for energy efficient operation as

described in PART 3.

Typical TAB procedures and results shall be demonstrated to the

PM/COR for one air distribution system (including all fans, three

terminal units and three rooms) and cne hydronic system (pumps and

three coils) as follows:

a. When field TAB work begins.

1.4 SUBMITTALS

A. Submit in accordance with Section 01 33 23, SHOP DRAWINGS, PRODUCT
DATA, AND SAMPLES.

B. Submit names and qualifications of TAB agency and TAB specialists

within 60 days after the notice to proceed. Submit informaticn on three

recently completed projects and a list of propesed test equipment.

C. For use by the PM/COR staff, submit one complete set of applicable AABC

or NEBB publicaticns that will be the basis of TAE work.

D. Submit Following for Review and Approval:

1.

2.

Design Review Report after the system layocut on air and water side
is completed by the Contractor.

Systems inspection report on equipment and installation for
conformance with design.

Duct Air Leakage Test Report.

Systems Readiness Report,

Intermediate and Final TAB reports covering flow balance and
adjustments, performance tests, vibration tests and sound tests.
Include in final reports uncorrected installation deficiencies noted
during TAB and applicable explanatory comments on test results that

differ from design requirements.

E. Prior to request for Final Inspection, submit completed Test and

Balance report for the area.

TESTING, ADJUSTING, AND BALANCING FOR HVAC
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1.5 APPLICABLE PUBLICATIONS

A.

The following publications form a part of this specification to the

extent indicated by the reference thereto. In text the publications are

referenced to by the acronym of the organization.

Emerican Society of Heating, Refrigerating and Air Conditioning

Engineers, Inc. {ASHRAE):

2007 . i e e HVAC Applications ASHRAE Handbook, Chapter 37,
Testing, Adjusting, and Balancing and Chapter
47, Sound and Vibration Contrel

Associated Air Balance Council {AABC):

2002, i e e AABC National Standards for Total System
Balance

Naticonal Envircnmental Balancing Bureau (NEBB) :

7% Edition 2005 ........ Procedural Standards for Testing, Adjusting,
Balancing of Environmental Systems

2™ Edition 2006 ........ Procedural Standards for the Measurement and
Assessment cf Sound and Vibration

2™ Edition 1999 ........ Procedural Standards for Building Systems
Commissioning

Sheet Metal and Air Conditioning Contractors National Association

(SMACNA} :

3% Edition 2002 ........ HVAC SYSTEMS-Testing, Adjusting and Balancing
PART 2 - PRODUCTS
2.1 PLUGS
A. Provide plastic plugs to seal holes drilled in ductwork for test

purposes.

2.2 INSULATION REPAIR MATERIAL

A.

See Section 23 07 11, HVAC AND PLUMBING INSULATION. Provide for repair

of insulation removed or damaged for TAB work.

PART 3 - EXECUTION
3.1 GENERAL

A,
B.

Refer to TAB Criteria in Article, Quality Assurance.
Obtain applicable contract documents and copies of approved submittals

for HVAC equipment and automatic control systems.

3.2 DESIGN REVIEW REPORT

a.

The TAB Specialist shall review the Contract Plans and specifications
and advise the PM/COR of any design deficiencies that would prevent the

HVAC systems from effectively operating in accordance with the sequence

TESTING, ADJUSTING, AND BALANCING FOR HVAC
23 05 93 - 5



05-10

of operation specified or prevent the effective and accurate TAB of the
system. The TAB Specialist shall provide a report individually listing
each deficiency and the ccrresponding propcsed corrective action

necessary for proper system operation.

3.3 SYSTEMS INSPECTION REPCRT

A,

Inspect equipment and installation for conformance with design.

The inspection and report is to be done after air distribution
equipment is on site and duct installation has begun, but well in
advance of performance testing and balancing work. The purpcse cf the
inspection is to identify and report deviations from design and ensure
that systems will be ready for TAB at the apprcpriate time.

Reports: Follow check list format developed by BABC, NEBB or SMACNA,
supplemented by narrative comments, with emphasis on air handling units
and fans. Check for conformance with submittals. Verify that diffuser
and register sizes are correct. Check air terminal unit installation

including their duct sizes and routing.

3.4 DUCT AIR LEAKAGE TEST REPORT

A,

See paragraphs "Duct leakage Tests and Repairs" in Section 23 31 00,
HVAC DUCTS AND CASINGS for TAB agency’s role and responsibilities in

witnessing, recording and reporting of deficiencies.

3.5 SYSTEM READINESS REPORT

A.

Inspect each System to ensure that it is complete including
installaticn and operation of controls.

Verify that all items such as ductwork piping, ports, terminals,
connectors, etc., that is required for TABR are installed. Provide a

report to the PM/CCR.

3.6 TAB REPQORTS

A.

Submit an intermediate report for minimum of 50 percent of systems and
equipment tested and balanced to establish satisfactory test results.
The TAB contractor shall provide raw data immediately in writing to the
PM/COR if there is a problem in achieving intended results before
submitting a formal repcrt.

If over 20 percent of readings in the intermediate repcrt fall outside
the acceptable range, the TAB report shall be considered invalid and
all contract TAB work shall be repeated and re-submitted for approval.
Do not proceed with the remaining systems until intermediate report is

approved by the PM/COR.

TESTING, ADJUSTING, AND BALANCING FOR HVAC
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3.7 TAB PROCEDURES

A,

Tab shall be performed in accordance with the requirement of the
Standard under which TAB agency is certified by either AABC or NEBEB.
General: During TAB all related system components shall be in full
operation. Fan and pump rotation, motor leocads and equipment vibration
shall be checked and corrected as necessary before proceeding with TAB.
Set controls and/or block off parts of distribution systems to simulate
design operation cf wvariable volume air or water systems for test and
balance work.

Coordinate TAB procedures with any phased construction completion

requirements for the project. Provide TAE reports for each phase of the

project prior to partial final inspections of each phase of the
project.

Allow sufficient time in construction schedule for TAB and submission

of all reports for an organized and timely correction of deficiencies.

Air Balance and Equipment Test: Include air handling units, fans,

terminal units, fan coil units, room diffusers/outlets/inlets.

1. Artificially load air filters by partial blanking to produce air
pressure drop of at least 90 percent of the design final pressure
drop.

2. Adjust fan speeds to provide design air flow. V-belt drives,
including fixed pitch pulley requirements, are specified in Section
23 05 11, COMMON WORK RESULTS FOR HVAC.

3. Test and balance systems in all specified modes of operation,
including variable volume, economizer, and fire emergency modes.
Verify that dampers and other controls function prcperly.

4. Record final measurements for air handling equipment performance

data sheets.

3.8 VIBRATION TESTING

A,

Furnish instruments and perform vibration measurements as specified in
Section 23 05 41, NOISE AND VIBRATION CONTROL FOR HVAC PIPING AND
EQUIPMENT. Field vibration balancing is specified in Section 23 05 11,
COMMON WORK RESULTS FOR HVAC. Provide measurements for all rotating
HVAC equipment of 373 watts (1/2 horsepower) and larger, including
rotary and screw compressors, pumps, fans and motors.

Record initial measurements for each unit of equipment on test forms
and submit a repcort to the PM/CCR. Where vibration readings exceed the

allowable tolerance Contractor shall be directed to correct the

TESTING, ADJUSTING, AND BALANCING FOR HVAC
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problem. The TAB agency shall verify that the corrections are done and

submit a final report to the BEM/COR.
3.9 SOUND TESTING

Perform and record required sound measurements in accordance with

Paragraph, QUALITY ASSURANCE in Secticn 23 05 41, NOISE AND VIBRATION

CONTROL FOR HVAC PIPING AND EQUIPMENT.

Take measurements with a calibrated sound level meter and octave band

analyzer of the accuracy required by AARBC or NEBB.

Sound reference levels, formulas and coefficients shall be according to

ASHRAE Handbook, "HVAC Applications™, Chapter 46, SCUND AND VIBRATION

CONTROL.

Determine compliance with specifications as follows:

1. When sound pressure levels are specified, including the NC Criteria

in Section 23 05 41, NOISE AND VIBRATION CONTROL FOR HVAC PIPING AND

EQUIPMENT :

a. Reduce the background noise as much as possible by shutting off

unrelated audible equipment.

b. Measure octave band sound pressure levels with specified

equipment "off,"

€. Measure octave band sound pressure levels with specified

equipment "on."

d. Use the DIFFERENCE in corresponding readings to determine the

sound pressure due to equipment.

DIFFERENCE:

0

1 2 3 4 5 to 9 10 or More

FACTOR:

10

7 4 3 z 1 0

Sound pressure level due to equipment equals sound pressure level

with equipment "on" minus FACTOR.

e. Plot octave bands of sound pressure level due to equipment for

typical rooms on a graph which alsc shows noise criteria (NC)

curves.

2. When sound power levels are specified:

a. Perform steps 1l.a.

thru 1.d., as above,

For indoor equipment: Determine room attenuating effect, i.e.,

difference between sound power level and sound pressure level.

Determined sound power level will be the sum of sound pressure

level due to equipment plus the rocm attenuating effect.

TESTING, ADJUSTING, AND BALANCING FOR HVAC

23 05 93 - §




05-10

For outdoor equipment: Use directivity factor and distance from
neise source to determine distance factor, i.e., difference
between sound power level and sound pressure level. Measured
sound power level will be the sum of sound pressure level due to
equipment plus the distance factor. Use // 10 meters (30 feet) //
13 meters (40 feet) // 16 meters (50 feet) // for sound level

location.

E. Where measured sound levels exceed specified level, the installing

contractor or equipment manufacturer shall take remedial action

approved by the PM/COR and the necessary sound tests shall be repeated.

3.10 MARKING OF SETTINGS

A. Following approval of Tab final Report, the setting of all HVAC

adjustment devices including valves, splitters and dampers shall be
permanently marked by the TAB Specialist so that adjustment can be
restored if disturbed at any time. Style and colers used for markings

shall be coordinated with the PM/COR.

3.11 IDENTIFICATION OF TEST PORTS

A,

The TAB Specialist shall permanently and legibly identify the lccation
points of duct test ports. If the ductwork has exterior insulation, the
identification shall be made on the exterior side of the insulation.
All penetraticns through ductwork and ductwork insulation shall be

sealed to prevent air leaks and maintain integrity of vapcr barrier.

---END- - -

TESTING, ADJUSTING, AND BALANCING FOR HVAC
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SECTION 23 07 11
HVAC AND PLUMBING INSULATION
PART 1 - GENERAL
1.1 DESCRIPTION
A. Field applied insulaticn for thermal efficiency and condensation
control for
1. EVAC piping, ductwork and equipment.
2. Plumbing piping and equipment.
B. Definitions

1. ASJ: All service jacket, white finish facing or jacket.

05-10

2. Alr conditioned space: Space having air temperature and/or humidity

controlled by mechanical equipment.
3. Cold: Equipment, ductwork or piping handling media at design

temperature of 16 degrees C (60 degrees F) or below.

4. Concealed: Ductwork and piping above ceilings and in chases and pipe

spaces.

5. Exposed: Piping, ductwork, and equipment exposed to view in finished

areas including mechanical, and electrical equipment rooms or

exposed to outdoor weather. Attics and crawl spaces where air

handling units are located are considered to be mechanical rooms.

Shafts, chases unfinished attics, crawl spaces and pipe bassments

are not considered finished areas.

6. FSK: Foil-scrim-kraft facing.

7. Hot: HVAC Ductwork handling air at design temperature above 16
degrees C (60 degrees F); HVAC and plumbing equipment or piping

handling media gbove 41 degrees C {105 degrees F)

8. Density: kg/m’ - kilograms per cubic meter (Pcf - pounds per cubic

foot).

9. Runguts: Branch pipe connections up t¢ 25-mm (one-inch) nominal size

te fan coil units or reheat coils for terminal units.

10. Thermal conductance: Heat flow rate through materials.

a. Flat surface: Watt per sguare meter (BTU per hour per sguare

foot}.

b. Pipe or Cylinder: Watt per square meter ({(BTU per hour per linear

foot) .

11. Thermal Conductivity (k): Watt per meter, per deqree C (BTU per inch

thickness, per hour, per square foot, per degree F temperature

difference).

HVAC AND PLUMBING INSULATION
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R: Pump recirculation.

CW: Cold water.

SW: Soft water.

HW: Hot water.

CH: Chilled water supply.
CHR: Chilled water return.
RS: Refrigerant suction.

PVDC: Polyvinylidene chloride wvapor retarder jacketing, white.

1.2 RELATED WORK

A, Section 23 0% 11, COMMON WORK RESULTS FOR HVAC: General mechanical

requirements and items, which are common to meore than cne section of

Division 23.

B. Section 23 23 00, REFRIGERANT PTIPING: Reguirements for refrigerant

piping and fittings.

C. Section 23 21 13, HYDRONIC PIPING

D. Section 23 31 00, HVAC DUCTS AND CASINGS: Ductwork, plenum and

fittings.
1.3 QUALITY ASSURANCE

A. Refer to article QUALITY ASSURANCE, in Section 23 05 11, COMMON WORK
RESULTS FOR HVAC.

B. Criteria:

1.

Comply with NFPA 90A, particularly paragraphs 4.3.3.1 through
4,3.3.6, 4.3.10.2.6, and 5.4.6.4:

Test methods: ASTM E84, UL, 723, or NFPA 255.

Specified k factors are at 24 degrees C (75 degrees F) mean
temperature unless stated otherwise. Where optional thermal
insulation material is used, select thickness to provide thermal
conductance no greater than that for the specified material. For
pipe, use insulation manufacturer's published heat flow tables. For
domestic hot water supply and return, run out insulation and
condensation contrel insulation, no thickness adjustment need be
made.

All materials shall be compatible and suitable for service
temperature, and shall not contribute to corrosion or otherwise

attack surface to which applied in either the wet or dry state.

C. Every package or standard container of insulation or accessories

delivered to the job site for use must have a manufacturer's stamp or

HVAC AND PLUMBING INSULATION
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label giving the name of the manufacturer and description cf the

material.

1.4 SUBMITTALS

A.

Submit in accordance with Section 01 33 23, SHOP DRAWINGS, PRODUCT

DATA, AND SAMPLES.

Shop Drawings:

1. All information, clearly presented, shall be included to determine
compliance with drawings and specificaticons and ASTM, federal and
military specifications.

a. Insulation materials: Specify each type used and state surface
burning characteristics.

k. Insulation facings and jackets: Each type used. Make it clear
that white finish will be furnished for exposed ductwork, casings
and equipment.

Insulation accessory materials: Each type used.

d. Manufacturer's installation and fitting fabrication instructions
for flexible unicellular insulation.

e. Make reference to applicable specification paragraph numbers for

coordination.

1.5 STORAGE AND HANDLING OF MATERIAL

Store materials in clean and dry environment, pipe covering jackets
shall be clean and unmarred. Place adhesives in original containers.
Maintain ambient temperatures and conditions as required by printed
instructions of manufacturers of adhesives, mastics and finishing

cements.

1.6 APPLICABLE PUBLICATIONS

A,

The publications listed below form a part of this specification to the

extent referenced. The publications are referenced in the text by basic

designation only.

Federal Specifications (Fed. Spec.):

L-P-535E (3)-99......... Plastic Sheet (Sheeting}: Plastic Strip; Poly
(Vinyl Chloride}) and Poly (Vinyl Chloride -
Vinyl Acetate), Rigid.

Military Specificaticns (Mil. Spec.):

MIL-A-3316C (2)-90...... Adhesives, Fire-Resistant, Thermal Insulation
MIL-A-2417%A (2)-91..... Adhesive, Flexible Unicellular-Plastic Thermal
Insulation

HVAC AND PLUMBING INSULATION
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MIL-C-19565C (1)-88..... Coating Compounds, Thermal Insulation, Fire-and
Water-Resistant, Vapor-Barrier

MIL-C-20079H-87......... Cloth, Glass; Tape, Textile Glass; and Thread,
Glass and Wire-~Reinforced Glass

Bmerican Society for Testing and Materials (ASTM):

Ale7-04. ... Standard Specification for Stainless and
Heat-Resisting Chromium-Nickel Steel Plate,
Sheet, and Strip

B209-07. .. il Standard Specification for Aluminum and
Aluminum-Alloy Sheet and Plate

C4l1l-05.... v Standard test method for Hot-Surface
Performance of High-Temperature Thermal
Insulation

C449-07. . i, Standard Specificaticon for Mineral Fiber
Hydraulic-~Setting Thermal Insulating and
Finishing Cement

C534-08. .. i, Standard Specification for Preformed Flexible
Elastomeric Cellular Thermal Insulatlon in

Sheet and Tubular Form

Co47-07 . i i e e Standard Specificaticon for Mineral Fiber pipe
Insulation
C552-07. . v iein e, Standard Specification for Cellular Glass

Thermal Insulation

Ch53-0B. .. iiiniiinnn. Standard Specification for Mineral Fiber
Blanket Thermal Insulation for Commercial and
Industrial Applications

CHB5-90. .. .. Standard Practice for Inner and Outer Diameters
of Rigid Thermal Insulaticn for Nominal Sizes
of Pipe and Tubing {(NPS System) R (2004}

CEl2-04. ..., Standard Specification for Mineral Fiber Block
and Board Thermal Insulation

Cl126-04... ... Standard Specification for Faced or Unfaced
Rigid Cellular Phenolic Thermal Insulaticn

Cl1l3e6-08....... e Standard Specification for Flexible, Low
Permeance Vapor Retarders for Thermal
Insulation

D1668-97a (2006)........ Standard Specification for Glass Fabrics (Woven

and Treated) for Roofing and Waterproofing

HVAC AND PLUMBING INSULATION
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EB4-09. ... . it Standard Test Methed for Surface Burning
Characteristics of Building Materials

E119-08..... et Standard Test Methecd for Fire Tests of Building
Construction and Materials

EI136-09........iina.. Standard Test Methcds for Behavior of Materials
in a Vertical Tube Furnace at 750 degrees C
(1380 F}

E. National Fire Protection Association (NFPA):

90R-08. .. ittt it i Installation of Air Conditioning and
Ventilating Systems

101-08. .. i Life Safety Ccde

251-06........ ..., Standard methods of Tests of Fire Endurance of
Building Construction Materials

255-06. ... e Standard Method of tests of Surface Burning
Characteristics of Building Materials

F. Underwriters Laboratories, Inc {(UL):

T2 . e UL Standard for Safety Test for Surface Burning
Characteristics of Building Materials with
Revision of 0%/08

G. Manufacturer’s Standardization Society of the Valve and Fitting

Industry (MSS):
SP58-~-2002..... e Pipe Hangers and Supports Materials, Design,
and Manufacture
PART 2 - PRODUCTS
2.1 MINERAL FIBER

A. ASTM Cb6lZ (Board, Block), Class 1 or 2, k = 0.037 Watt per meter, per
degree C {0.26), external insulation for temperatures up te 204 degrees
C (400 degrees F).

B. ASTM C552 (Blanket, Flexible) Type I, Class B-5, Density 32 kg/m’ (2
pcf), k = 0.04 (0.27), for use at temperatures up to 204 degrees C (400
degrees F)

C. ASTM C547 (Pipe Fitting Insulation and Preformed Pipe Insulation),
Class 1, k = 0.037 (0.26) for use at temperatures 230 degrees C (450
degrees F).

2.2 MINERAL WOOL OR REFRACTORY FIBER
A. Comply with Standard ASTM C612, Class 3, 450 degrees C (850 degrees F).

HVAC AND PLUMBING INSULATION
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2.3 RIGID CELLULAR PHENOLIC FOAM

A.

Preformed (molded) pipe insulation, ASTM C1126, type I1II, grade 1, k =

0.021{0.15), for temperatures up to 121 degrees C (250 degrees F) with

vapor retarder and all service jacket with polyvinyl chloride premolded
fitting covering.

Equipment and Duct Insulaticn, ASTM C 1126, type II, grade 1, k = 0.021
{0.15), for temperatures up to 121 degrees C {250 degrees F) with rigid
cellular phenclic insulation and covering, vapor retarder and all

service jacket.

2.4 CELLULAR GLASS CLOSED-CELL

A.

B.

Comply with Standard ASTM C177, C518, density 120 kg/m® {7.5 pcf}
nominal, k = 0.033 (0.29) at 0 degrees C (75 degrees F).

Pipe insulation for temperatures up to 200 degrees C (400 degrees F).

2.5 POLYISOCYANURATE CLOSED-CELL RIGID

A.

Preformed (fabricated) pipe insulation, ASTM C591, type IV,
K=0,027(0.19), for use at temperatures up to 149 degree C (300 degree
F) with factory applied PVDC or all service jacket vapor retarder with
polyvinyl chleride premeolded fitting covers.

Equipment and duct insulation, ASTM C 591, type IV, K=0.027(0.19), for
use at temperatures up to 149 degrees C (300 degrees F} with PVDC or

all service jacket vapor retarder jacket.

2.6 FLEXIBLE ELASTOMERIC CELLULAR THERMAL

A.

ASTM C177, C518, k = 0.039 Watt per meter, per degree C (0.27), at 24
degrees C (75 degrees F}, flame spread not over 25, smoke developed not
over 5C, for temperatures from minus 4 degrees C (40 degrees F) to 93

degrees C (200 degrees F). No jacket required.

2.7 INSULATION FACINGS AND JACKETS

A.

Vapor Retarder, higher strength with low water permeance = (.02 or less
perm rating, Beach puncture 50 units for insulation facing on exposed
ductwork, casings and equipment, and for pipe insulation jackets.
Facings and jackets shall be 21l service type (ASJ) or PVDC Vapor
Retarder jacketing.

A3J jacket shall be white kraft bonded to 0.025 mm (1 mil) thick
aluminum foil, fikerglass reinforced, with pressure sensitive adhesive
clesure. Comply with ASTM C1136. Beach puncture 5 units, Suitable for
painting without sizing. Jackets shall have minimum 40 mm (1-1/2 inch)
lap on longitudinal jeoints and minimum 100 mm (4 inch) butt strip on

end joints. Butt strip material shall be same as the jacket. Lap and
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butt strips shall be self-sealing type with factcry-applied pressure
sensitive adhesive.

Vapor Retarder medium strength with low water vapor permeance of .02
or less perm rating), Beach puncture 25 units: Foil-Scrim-Kraft (FSK}
or PVDC vapor retarder jacketing type for concealed ductwork and
eguipment.

Glass Cloth Jackets: Presized, minimum 0.18 kg per square meter (7.8
ounces per square yard), 2000 kPa (300 psig) bursting strength with
integral vapocr retarder where required or specified. Weather proof if
utilized for cutside service.

Factory composite materials may be used provided that they have been
tested and certified by the manufacturer.

Pipe fitting insulaticn covering {(jackets): Fitting covering shall be
premclded to match shape of fitting and shall be polyvinyl chloride
(PVC) conforming to Fed Spec L-P-335, composition A, Type II Grads GU,
and Type III, minimum thickness 0.7 mm (0.03 inches). Provide color
matching vapor retarder pressure sensitive tape.

Aluminum Jacket-Piping systems and circular breeching and stacks: ASTM
B209, 3003 alloy, H-14 temper, 0.6 mm {(0.023 inch) minimum thickness
with locking longitudinal joints. Jackets for elbows, tees and other
fittings shall be factory-fabricated to match shape of fitting and of
0.6 mm {0.024) inch minimum thickness aluminum. Fittings shall be of
same construction as straight run jackets but need not be of the same
alloy. Factory-fabricated stainless steel bands shall be installed on
all circumferential joints. Bands shall be 20 mm (0.75 inch) wide on
450 mm (18 inch) centers. System shall be weatherproof if utilized for
cutside service.

Aluminum jacket-Rectangular bkreeching: ASTM B209, 3003 alloy, H-14
temper, 0.5 mm (0.020 inches} thick with 32 mm (1-1/4 inch}
corrugations or 0.8 mm (0.032 inches} thick with no corrugations.

System shall be weatherproof if used for outside service.

2.8 PIPE COVERING PROTECTION SADDLES

A.

Cold pipe support: Premeclded pipe insulation 180 degrees (half-shells)
on bottom half of pipe at supports. Material shall be cellular glass or
high density Polyisocyanurate insulation of the same thickness as
adjacent insulation. Density of Peolyisocyanurate insulation shall be a

minimum of 48 kg/m® (3.0 paf}.
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Nominal Pipe Size and Accessories Material (Insert Blocks)
Nominal Pipe Size mm (inches) Insert Blocks mm {inches)

Up through 125 (5} 150 (6) long

B. Warm or het pipe supports: Premolded pipe insulation (180 degree half-
shells) on bottom half of pipe at supperts. Material shall be high
density Polyisocyanurate (for temperatures up tc 149 degrees C [300
degrees F]) cellular glass. Insulation at supports shall have same
thickness as adjacent insulation. Density of Polyisocyanurate
insulation shall be a minimum of 48 kg/m® (3.0 pcf).

2.9 ADHESIVE, MASTIC, CEMENT

A. Mil. Spec. MIL-A-3316, Class 1: Jacket and lap adhesive and protective
finish ccating for insulation.

B. Mil. Spec. MIL-A-3316, Class 2: Adhesive for laps and for adhering
insulation to metal surfaces.

C. Mil. Spec. MIL-A-24179, Type II Class 1: Adhesive for installing
flexible unicellular insulation and for laps and general use.

D. Mil. Spec. MIL-C-19565, Type I: Protective finish for outdoor use.

E. Mil. Spec. MIL-C-19565, Type I or Type IIl: Vapor barrier compound for
indecor use.

F. ASTM C4489: Mineral fiber hydraulic-setting thermal insulating and
finishing cement.

G. Other: Insulaticn manufacturers' published recommendations.

2,10 MECHANICAL FASTENERS

A. Pins, anchors: Welded pins, or metal or nylon anchors with tin-coated
cr fiber washer, or c¢lips. Pin diameter shall be as recommended by the
insulation manufacturer.

Staples: Outward clinching mcnel or stainless steel.

C. Wire: 1.2 mm thick (18 gage) soft annealed galvanized or 1.9 mm (14
gage) copper clad steel or nickel copper alloy.

D. Bands: 20 mm {3/4 inch) nominal width, brass, galvanized steel,
aluminum or stainless steel.

2.11 REINFORCEMENT AND FINISHES

A. Glass fabric, open weave: ASTM D1668, Type III (resin treated) and Type
I (asphalt treated).

Glass fiber fitting tape: Mil. Spec MIL-C-20079, Type II, Class 1.
Tape for Flexible Elastomeric Cellular Insulation: As recommended by

the insulation manufacturer.
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D. Hexagonal wire netting: 25 mm (ecne inch) mesh, 0.85 mm thick (22 gage)
galvanized steel.

E. Corner beads: 50 mm (2 inch) by 50 mm (2 inch), 0.55 mm thick {26 gage)
galvanized steel; or, 25 mm (1 inch) by 25 mm (1 inch), 0.47 mm thick
{28 gage) aluminum angle adhered to 50 mm {2 inch)} by 50 mm (2 inch)
Kraft paper.

F. PVC fitting cover: Fed. Spec L-P-535, Compesition A, 11-86 Type II,
Grade GU, with Form B Mineral Fiber insert, for media temperature 4
degrees C (40 degrees F) to 121 degrees C {250 degrees F). Below 4
degrees C (40 degrees F) and above 121 degrees C (250 degrees F).
Provide double layer insert. Provide color matching vapor barrier
pressure sensitive tape.

2.12 FIRESTCOPPING MATERIAL

A. Other than pipe and duct insulation, refer to Section 07 84 GO

FIRESTOPPING.
2,13 FLAME AND SMOKE

A. Unless shown cotherwise all assembled systems shall meet flame spread 25
and smoke developed 50 rating as developed under ASTM, NFPA and UL
standards and specificaticns. See paragraph 1.3 "Quality Assurance".

PART 3 - EXECUTION
3.1 GENERAL REQUIREMENTS

A. Required pressure tests of duct and piping joints and connections shall
be completed and the work approved by the Resident Engineer for
application of insulation. Surface shall be clean and dry with all
foreign materials, such as dirt, oil, loose scale and rust removed.

B. Except for specific exceptions, insulate entire specified equipment,
piping (pipe, fittings, valves, accessories), and duct systems.
Insulate each pipe and duct individually. Do not use scrap pieces of
insulation where a full length section will fit.

C. Insulation materials shall be installed in a first class manner with
smooth and even surfaces, with jackets and facings drawn tight and
smoothly cemented down at all laps. Insulaticn shall be continuous
through all sleeves and openings, except at fire dampers and duct
heaters (NFPAR 20A). Vapor retarders shall be continuous and
uninterrupted throughout systems with operating temperature 16 degrees
C (60 degrees F) and below. Lap and seal vapor barrier over ends and

exposed edges of insulation. Anchors, supports and other metal
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projections through insulation on cold surfaces shall be insulated and

vapor sealed for a minimum length of 150 mm (& inches).

Install vapor stops at all insulation terminations on either side of

valves, pumps and equipment and particularly in straight lengths of

pipe insulation.

Construct insulation on parts of equipment such as chilled water pumps

and heads of chillers, convertors and heat exchangers that must be

opened periodically for maintenance or repair, so insulation can be

removed and replaced without damage. Install insulation with bolted 1

mm thick {20 gage) galvanized steel c¢r aluminum covers as complete

units, cor in sections, with all necessary supports, and split to

coincide with flange/split of the equipment.

Insulation on hot piping and equipment shall be terminated square at

items not to be insulated, access openings and nameplates. Cover all

exposed raw insulation with white sealer or jacket material.

Protect all insulations outside of buildings with aluminum jacket using

lock joint or other approved system for a continuous weather tight

system. Access dcors and other items requiring maintenance or access
shall be removable and sealable.

HVAC work not to be insulated:

1. Internally insulated ductwork and air handling units.

2. Relief air ducts (Economizer cycle exhaust air).

3. Exhaust air ducts and plenums, and ventilation exhaust air shafts.

4. In hot piping: Unions, flexible connectors, control valves, PRVs,
safety valves and discharge vent piping. Insulate piping to within
approximately 75 mm (3 inches) of uninsulated items.

Plumbing work not to be insulated:

1. Piping and valves of fire protection system.

2. Chromium plated brass piping.

3. Water piping in contact with earth.

4. Piping in pipe basement serving wall hydrants.

5. Small horizontal cold water branch runs in partitions to individual
fixtures may be without insulation for maximum distance of 900 mm (3
feet).

Apply insulation materials subject to the manufacturer's recommended

temperature limits. Apply adhesives, mastic and coatings at the

manufacturer's recommended minimum coverage.
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K. Elbows, flanges and other fittings shall be insulated with the same
material as is used on the pipe straights. The elbow/ fitting
insulation shall be field-fabricated, mitered or factcry prefabricated
to the necessary size and shape to fit on the elbow/ fitting. Use of
polyurethane spray-foam to fill a PVC elbow jacket is prohibited on
cold applications.

L. Firestop Pipe and Duct insulation:

1. Provide firestopping insulation at fire and smcke barriers through
penetrations. Fire steopping insulation shall be UL listed as defines
in Section 07 84 00, FIRESTOPPING.

2. Pipe and duct penetrations requiring fire stop insulaticn including,
but not limited to the following:

a. Pipe risers through floors

b. Pipe or duct chase walls and floors
c. Smoke partitions

d. Fire partitions

M. Freeze protection of abcve grade cutdoor piping (over heat tracing
tape}: 20 rm (0.75 inches) thick insulation, for all pipe sizes 75 mm
(3 inches) and smaller and 25 mm (1 inch) thick insulation for larger
pipes. Provide metal jackets for all pipes. Provide for chilled water
piping as described in Section 23 21 13, HYDRONIC PIPING (electrical
heat tracing systems}.

N. Provide metal jackets over insulation as follows:

1. All piping and ducts exposed to outdoor weather.

2. Piping exposed in building, within 1800 mm (& feet) of the floor,
that connects to sterilizers, kitchen and laundry equipment. Jackets
may be applied with pop rivets. Provide aluminum angle ring
escutcheons at wall, ceiling or floor penetrations.

3. A 50 mm (2 inch) overlap is required at longitudinal and
circumferential jocints.

3.2 INSULATION INSTALLATION

A. Mineral Fiber Boecard:

1. Faced board: Apply board on pins spaced not more than 300 mm (12
inches) on center each way, and not less than 75 mm (3 inches) from
each edge of board. In addition to pins, apply insulation bonding
adhesive to entire underside of horizontal metal surfaces. Butt

insulation edges tightly and seal all joints with laps and butt
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strips. After applying speed clips cut pins off flush and apply
vapor seal patches over clips.
2. Plain board:

a. Insulation shall be scored, beveled or mitered to provide tight
joints and be secured to egquipment with bands spaced 225 mm (%
inches) on center for irregular surfaces or with pins and clips
on flat surfaces. Use corner beads teo protect edges of
insulation.

k. For hot equipment: Stretch 25 mm (1 inch) mesh wire, with edges
wire laced together, over insulation and finish with insulating
and finishing cement applied in one ccat, 6 mm (1/4 inch) thick,
trowel led to a smooth finish.

¢. For cold equipment: Apply meshed glass fabric in a tack coat 1.5
to 1.7 sguare meter per liter (60 to 70 square feet per gallon)
of vapor mastic and finish with mastic at 0.3 to 0.4 square meter
per liter {12 to 15 square feet per gallon) over the entire
fabric surface.

d. Chilled water pumps: Insulate with removable and replaceable 1 rmm
thick (20 gage) aluminum or galvanized steel covers lined with
insulation. Seal closure joints/flanges of covers with gasket
material. Fill void space in enclosure with flexible mineral
fiber insulation.

SPEC WRITER NQTES: Provide 50 mm (2 inch)
duct insulation for supply and 40 mm (1-
1/2 inch) for return duct work exposed to
severe outdoor conditions. In paragraph
3.c below delete outdocr air duct
insulation in mild climates.

3. Exposed, unlined ductwork and eguipment in unfinished areas,
mechanical and electrical equipment rooms and attics, and duct work
exposed to outdoor weather:

a. 40 mm (1-1/2 inch) thick insulation faced with ASJ {white all
service jacket): Supply air duct, unlined air handling units, and
after filter housing.

b. 25 mm (1 inch) thick insulation faced with ASJ: Return air duct,
mixed air plenums and prefilter housing.

B. Flexible Mineral Fiber Blanket:
1. Adhere insulation to metal with 100 mm (4 inch) wide strips of

insulation bonding adhesive at 200 mm (8 inches} on center all
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arcund duct. Additionally secure insulation to bottom of ducts

exceeding 600 mm (24 inches) in width with pins welded or adhered on

450 mm ({18 inch) centers. Secure washers on pins. Butt insulation

edges and seal jeints with laps and butt strips. Staples may be used

to assist in securing insulation. Seal all vapor retarder

penetrations with mastic. Sagging duct insulation will not be

acceptable. Install firestop duct insulation where required.

Supply air ductwork to be insulated includes main and branch ducts

from AHU discharge to room supply cutlets, and the bodies of ceiling

cutlets to prevent condensation. Insulate sound attenuator units,

colil casings and damper frames. To prevent condensation insulate

trapeze type supports and angle iron hangers for flat oval ducts

that are in direct contact with metal duct.

Cecncealed supply air ductwork.

a. Above ceilings at a roof level: 50 mm {2 inch) thick insulation
faced with FSK.

b. Above ceilings for other than rocof level: 40 mm (1 * inch) thick
insulation faced with FSK.

Concealed return air duct above ceilings at a roof level,

unconditioned areas, and in chases with external wall; 40 mm (1-1/2

inch) thick, insulation faced with FSK. Concealed return air

ductwork in other locations need not be insulated.

Return air duct in interstitial spaces: 40 mm {(1~1/2 inch thick

insulation faced with FSX.

Moclded Mineral Fiber Pipe and Tubing Covering:

1.

2.

Fit insulation to pipe or duct, aligning longitudinal jeints. Seal
longitudinal joint laps and circumferential butt strips by rubbing
hard with a nylon sealing tool to assure a positive seal. Staples
may be used to assist in securing insulation. Seal all vapor
retarder penetrations on cold piping with a generous application of
vapor barrier mastic. Provide inserts and install with metal
insulation shields at ocutside pipe supports. Install freeze
protection insulation over heating cable.
Contractor's options for fitting, flange and valve insulation:
a. Insulating and finishing cement for sizes less than 100 mm (4
inches) operating at surface temperature of 16 degrees C (61

degrees F) or more.
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Factory premolded, one piece PVC covers with mineral fiber, (Form
B), inserts. Provide two insert layers for pipe temperatures
below 4 degrees C (40 degrees F), or above 121 degrees C (250
degrees F). Secure first layer of insulation with twine. Seal
seam edges with vapor barrier mastic and secure with fitting
tape.

Factory molded, ASTM Cb47 or field mitered sections, joined with
adhesive or wired in place. For hot piping finish with a
smoothing cecat of finishing cement. For cold fittings, 16 degrees
C {60 degrees F} or less, vapor seal with a layer of glass
fitting tape imbedded between tweo 2 mm (1/16 inch] coats of vapor
barrier mastic.

Fitting tape shall extend over the adjacent pipe insulation and

overlap on itself at least 50 mm (2 inches).

Nominal thickness in millimeters and inches specified in table

below, for piping above ground:

Neminal Thickness of Molded Mineral Fiber Insulation

Nominal Pipe Size, millimeters (inches): 25 32- 75

(1-1/4-

{1} & below 3

Domestic hot water supply and 15 (0.%) 20(0.75)
return

D. Rigid Cellular Phenolic Foam:

1.

o N s W

Rigid closed cell phenclic insulation may be provided for piping,
ductwork and equipment for temperatures up to 121 degrees C (250
degrees F).

Note the NFPA 90A burning characteristics requirements of 253/30 in
paragraph 1.3.B

Provide secure attachment facilities such as welding pins.

Bpply insulation with joints tightly drawn together

Apply adhesives, coverings, neatly finished at fittings, and valves.
Final installation shall be smooth, tight, neatly finished at all
edges.

Minimum thickness in millimeters {inches) specified in table below,

for piping above ground:
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Nominal Thickness of Rigid Closed-Cell Phenclic Foam Insulation

Nominal Pipe Size 25 32=75 100-150
millimeters {(inches): 1) & (1 1/4-3} {4-6)
below
1. 4-16 degrees C 20 20 (0.75) 25 (1)
{40-60 degrees F), CH, (0.75;
CHR, GC, and GCR.
//a. Run outs to Fan 15 -- --
Ccil Units //. (0.5)
//b. Ice Water Piping 15 20 (0.75) 25 (1)
// {0.5)
1. 10 degrees C {50 15 20 (0.75) -
degrees F) and less, RS {0.5)
for DX refrigerants.
2. Domestic hot water 15 15 (0.5) 20 {(0.75)
supply and return. (0.5)

8. Condensation control insulation: Minimum 20 mm (0.75 inch) thick for

all pipe sizes.

a. HVAC: Cooling coil condensation piping to waste piping fixture or

drain inlet. Omit insulaticn on plastic piping in mechanical

rooms.

b. Plumbing piping as follows:

1) Body of roof and overflow drains horizontal runs and offsets

fincluding elbows) of interior downspout piping in all areas

abcve pipe basement.

2) Waste piping from electric water ccolers and icemakers to

drainage system.
3) Cecld water piping.

Cellular Glass Insulation:

1. Pipe and tubing, covering nominal thickness in millimeters and

inches as tabulated below for chilled water and refrigerant piping.

Nominal Thickness of Cellular Glass Insulaticn

Millimeters (inches) Thru 38 50- 150
{11/2) (2-6)
1. 4-16 degrees C (40-60 50 (2.0) 80 (3.0}

degrees F} (CH and CHR pipe chase
and underground)
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Nominal Thickness of Cellular Glass Insulation

Millimeters {inches) Thru 38 50- 150
(11/2) (2-6)
2. 4-1¢ degrees C (40-60 40 (1.5) 50 (2.0)

degrees F) (CH and CHR)

2. Underground Piping Other than or in lieu of that Specified in
Section 23 21 13, HYDRONIC PIPING: Type 11, factory jacketed with a
3 mm laminate jacketing consisting of 3000 mm x 3000 mm (10 ft x 10
ft) asphalt impregnated glass fabric, bituminous mastic and ocutside
protective plastic film.

a. 75 mm (3 inches} thick for hot water piping.

b. As tabulated above for chilled water piping.

¢. Underground piping: Apply insulation with joints tightly butted.
Seal lcngitudinal self-sealing lap. Use field fabricated or
factory made fittings. Seal butt joints and fitting with
jacketing as recommended by the insulation manufacturer. Use 100
mm (4 inch) wide strips to seal butt joints.

d. Provide expansion chambers for pipe loops, anchors and wall
penetrations as recommended by the insulation manufacturer.

e. Underground insulaticn shall be inspected and approved by the
Resident Engineer as follows:
1) Insulation in place before coating.
2) After cecating.

f. Sand bed and backfill: Minimum 75 mm (3 inches) all around
insulated pipe or tank, applied after coating has dried.

3. Cold egquipment: 50 mm (2 inch) thick insulation faced with ASJ for
chilled water pumps, water filters, chemical feeder pots or tanks,
expansicn tanks, air separators and alr purgers.

Polyisccyanurate Closed-Cell Rigid Insulation:

1. Polyisocyanurate closed-cell rigid insulation (PIR) may be provided
for piping, equipment and ductwork for temperature up to 149 degree
C (300 degree F} provided insulation thickness reguirement does not
exceed 38 mm (1.5 inches).

2, Install insulation, vapor retarder and jacketing per manufacturer’s
reccmmendations. Particular attention should be paid to
recommendations for joint staggering, adhesive application, external
hanger design, expansion/contraction joint design and spacing and

vapor retarder integrity.
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Install insulation with all jeints tightly butted (except expansion}
joints in hot applications).

If insulation thickness exceeds 63 mm (2.3 inches), install as a
double layer system with longitudinal {lap) and butt joint
staggering as recommended by manufacturer.

For cold applications, wvapor retarder shall be installed in a
continuous manner. No staples, rivets, screws or any other
attachment device capable of penetrating the vapor retarder shall be
used to attach the vapor retarder or jacketing. No wire ties capable
of penetrating the vapor retarder shall be used to hold the
insulation in place. Banding shall be used to attach PVC or metal
jacketing.

Elbows, flanges and other fittings shall be insulated with the same
material as is used on the pipe straights. The elbow/ fitting
insulation shall be field-fabricated, mitered or factory
prefabricated to the necessary size and shape to fit on the elbow/
fitting. Use of polyurethane spray-feam to fill PVC elbow jacket is
prchibited on cold applications,

For cold applications, the vapor retarder on elbows/fittings shall
be either mastic-fabric-mastic ¢r 2 mil thick PVDC vapor retarder
adhesive tape.

All PVC and metal jacketing shall be installed so as to naturally
shed water. Joints shall point down and shall ke sealed with either
adhesive or caulking (except for periodic slip joints),

Underground piping: Follow instructions for akove ground piping but
the vapor retarder jacketing shall be 6 mil thick PVDC or minimum 30
mil thick rubberized bituminous membrane. Sand bed and backfill
shall be a minimum of 150 mm (6 inches) all around insulated pipe.
Note the NFPA 9CA burning characteristic requirements of 25/50 in
paragraph 1.3B. Refer to paragraph 3.1 for items not to be
insulated.

Minimum thickness in millimeter {inches) specified in table below,

for piping:

HVAC AND PLUMBING INSULATION
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Nominal Thickness of Polyisocyanurate Rigid Insulation

Neminal Pipe Size

miliimeters{inches):

1. 4-16 degrees C
(40-60 degrees F), CH,
CHR, GC and GCR for
relative humidity up te
80 percent or
underground location

//a. Run cuts to fan
coil units//

//b. Ice water piping//

2. 4-16 degrees
C({40-60C degrees F} CH,
CHR, GC and GCR for
relative humidity 80 to
90 percent or higher

//a. Run out to fan
coils units//

//b. Ice water piping//

3. 10 degrees C (50
degrees F) and less, RS
for DX refrigerants

4. Domestic hot water
supply and return

25(1)

&
below

25
(1.00

20
(0.75}

25
(1.00

40
{1.50

40
(1.5)

40
(1.5)

20
{0.75)

15
(0.5}

32-75
(1 1/4-3)
25 (1.0}
25 {1.)
25 (1.0}
40 (1.5)
40 (1.5)
40 (1.5)
25 (1.0)
20 (0.74)

12. Condensation control insulation:

all pipe sizes.

a.

Minimum 20 mm (0.75 inch)

thick for

HVAC: Cooling coll condensation piping to waste piping fixture or

drain inlet. Omit insulatien on plastic piping in mechanical

rooms.

Plumbing piping as follows:

1) Body of roof and overflew drains and horizontal runs and

offsets (including elbows)

areas above pipe basement.

of interior downspout piping in all

2} Waste piping from electric water coolers to drainage system.

HVAC AND PLUMBING INSULATION
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3) Waste piping located above basement floor from ice making and
air handling units, from fixture (including trap) to main
vertical waste pipe.

4) Cold Water Piping.

G. Flexible Elastomeric Cellular Thermal Insulatiocn:

1.

Rpply insulation and fabricate fittings in accordance with the

manufacturer's installation instructions and finish with two coats

of weather resistant finish as recommended by the insulation

manufacturer.

Pipe and tubing insulation:

a.
b.

Use proper size material. Do not stretch or strain insulation.

Te aveid undue compression of insulation, provide cork stoppers
or wood inserts at supports as recommended by the insulation
manufacturer. Insulation shields are specified under Section

23 05 11, COMMON WORK RESULTS FOR HVAC.

Where possible, slip insulaticn over the pipe or tubing prior to
connection, and seal the butt joints with adhesive. Where the
slip-on technique is not possible, slit the insulation and apply
it to the pipe sealing the seam and joints with contact adhesive.
Opticnal tape sealing, as recommended by the manufacturer, may be
employed. Make changes from mineral fiber insulation in a

straight run of pipe, not at a fitting. Seal joint with tape.

Apply sheet insulation to flat or large curved surfaces with 100

percent adhesive coverage. For fittings and large pipe, apply

adhesive to seams only.

Pipe insulation: nominal thickness in millimeters (inches as

specified in table below for piping above ground:

HVAC AND PLUMBING INSULATION
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Neminal Thickness of Flexible Elastomeric Cellular Insulation

Nominal Pipe Size
millimeters {inches])

1. 4-16 degrees C (40-60
degrees F) (CH, CHR, GC, GCR)
a. Runouts to // fan coil

units // coeling coil condensate
piping //
b. // Ice water piping // RS

for DX refrigeration //

2. Domestic het water supply
and return

25 (1) 32-75
& below (1 1/4-3)
25 40 (1.5)
(1.0)
20 40 (1.3}
(0.75)
25 40 (1.9)
(1.0}
15 20 {0.75)
(0.50)

5. Minimum 20 mm (0.75 inch) thick insulation for pneumatic control

lines for & minimum distance of 6 m {20 feet) from discharge side of

the refrigerated dryer.

6, Use Class 5 (Sheet), 20 mm {3/4 inch} thick for the following:

a.

b.

Chilled water pumps

Chillers, insulate any cold chiller surfaces subject to

condensation which has not been factory insulated.

- - -END

HVAC AND PLUMBING
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SECTION 23 23 00
REFRIGERANT PIPING

PART 1 - GENERAL
1.1 DESCRIPTION

A.
B.

Field refrigerant piping for direct expansion HVAC systems.

Definitions:

1. Refrigeration system: Combination of interceonnected
refrigerant-containing parts constituting one clocsed refrigeration
circuit in which a refrigerant is circulated for the purpose of
extracting heat.

a. Low side means the parts of a refrigeration system subjected to
evaporator pressure.

b. High side means the parts of a refrigeration system subjected to
condenser pressure.

2. Brazed joint: A gas-tight joint obtained by the jcining of metal
parts with alloys which melt at temperatures higher than 449 degrees
C (840 degrees F) but less than the melting temperatures of the

joined parts.

1.2 RELATED WORK

A.

Section 23 05 11, COMMON WORK RESULTS FOR HVAC: General mechanical
reguirements and items, which are common to more than one section of
Division 23.

Sectieon 23 07 11, HVAC AND PLUMBING INSULATION: Requirements for piping
insulation.

Section 23 64 00, PACKAGED WATER CHILLERS: Piping requirements for air
cooled chillers and condensing units.

Section 23 21 13, HYDRONIC PIPING: Requirements for water and drain

piping and valves.

1.3 QUALITY ASSURANCE

A,
B.

Refer to specification Section 23 05 11, COMMON WORK RESULTS FOR HVAC.
Comply with ASHRARE Standard 15-2007, Safety Standard for Refrigeration
Systems (ANSI Approved) and Standard 34-2007, Designaticon and
Classification of Refrigerants. The application of this Code is intended
to assure the safe design, construction, installation, operation, and
inspection of every refrigeration system employing a fluid which
normally is vaporized and liquefied in its refrigeration cycle.

Comply with ASME B31.5-2006: Refrigerant Piping and Heat Transfer
Components.

Products shall comply with UL 207 "Refrigerant-Containing Components and

Accessories, "Nonelectrical"; or UL 429 "Electrical Operated Valves."

REFRIGERANT PIPING
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1.4 SUBMITTALS
A. Submit in accordance with specification Secticn 01 33 23, SHOP DRAWINGS,
PRODUCT DATA, AND SAMPLES.
B. Shop Drawings:

1. Sufficient information for components noted, including valves and
refrigerant piping accessories, clearly presented, shall be included
to determine compliance with drawings and specifications for
ccecmponents noted below:

a. Tubing and fittings
b. Valves
¢. Strainers
d. Mocisture-liguid indicators
e. Filter~driers
f. Flexible metal hose
g. Liguid-sucticn interchanges
h. 0il separators (when specified)
i. Gages
j. Pipe and equipment supports
k. Refrigerant and oil
1. Pipe/conduit roof penetraticn cover
m. Soldering and brazing materials
1.5 APPLICABLE PUBLICATICNS
A. The publications listed below form a part of this specification to the
extent referenced. The publications are referenced in the text by the
basic designation conly.

B. Air Cenditicning and Refrigeration Institute {ARI):

495-2005. .. . vt Performance Rating of Refrigerant Liguid
Receivers
730=-2005.... i, Flow Capacity Rating of Suction-Line Filters and

Suction-Line Filter-Driers

750-2007 . .o Performance Rating of Thermostatic Refrigerant
Expansion Valves

760-2007 .. it Performance Rating of Solencid Valves for Use
with Volatile Refrigerants

C. American Society of Heating Refrigerating and Air Ceonditicening Engineers

(ASHRAE) :

15-2007. i Safety Standard for Refrigeration Systems (ANSI}

17-200B. .. iiiiiiinannn, Method of Testing Capacity of Thermostatic
Refrigerant Expansion Valves {(ANSI)

63.1-95 (RA 01)......... Method of Testing Liquid Line Refrigerant Driers

{ANST)

REFRIGERANT PIFING
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D. American Scociety of Mechanical Engineers (ASME):

B16.22-2001............. Wrought Copper and Ccopper Alloy Solder-Joint
Pressure Fittings (ANSI)

B16.24-2006............. Cast Copper Alloy Pipe Flanges and Flanged
Fittings, Class 150, 300, 40C, 606G, 200, 1500
and 2500 (ANSI)

B31.5-2006.............. Refrigeration Piping and Heat Transfer
Components (ANSI)

B40.100-2005............ Pressure Gauges and Gauge Attachments

B40.200-2008............ Thermometers, Direct Reading and Remcte Reading

American Society for Testing and Materials (ASTM}

AlZ26-04. ... iiiinnnnnn, Standard Specificaticn fcor Gray Iron Castings
for Valves, Flanges, and FPipe Fittings

B32-08. ... .. Standard Specificaticon for Sclder Metal

BBB-03. ... i Standard Specification for Seamless Copper Water
Tube

BBBM-05. ... .. i Standard Specification for Seamless Copper Water

Tube (Metric)

B2B0-08........ ... Standard Specification for Seamless Copper Tube
for RAir Conditioning and Refrigeration Field
Service

American Welding Society, Inc. (AWS):

AWS BRH-2007 Brazing Handbook

AS.B/R5.8M-04........... Standard Specificaticon for Filler Metals for
Brazing and Braze Welding

Underwriters Laboratories (U.L.):

L0 Y= 0 Standard for Refrigerant-Containing Components
and Accessories, Ncnelectrical

UL 429 REV 6... ... Electrically Operated Valves

PART 2 - PRODUCTS

2.1 PIPING AND FITTINGS

A,

Refrigerant Piping: Copper refrigerant tube, ASTM B280, cleaned,
dehydrated and sealed, marked ACR on hard temper straight lengths. Coils
shall be tagged ASTM B280 by the manufacturer.
Fittings, Valwves and Accessories:
1. Seolder jeints: Wrought copper fittings, ASME B16.22.

a. Solder, refrigerant tubing: Cadmium free, AWS AS5,8/A5.8M, 45

percent silver brazing alloy, Class BAg-5.
b. Solder, water and drain: 95-5 tin-antimony, ASTM B32 (95TaA).

REFRIGERANT PIPING
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Flanges and flanged fittings: ASME Blé6.24.

Refrigeration Valves:

a. Stop Valves: Brass cor bronze alloy, packless, cor packed type with
gas tight cap, frost proof, backseating.

b. Pressure Relief Valwves: Comply with ASME Boiler and Pressure
Vessel Code; UL listed. Forged brass with nonferrous, corrosion
resistant internal working parts of high strength, cast iron
bodies conforming to ASTM Al26, Grade B. Set valves in accordance
with ASHRAE Standard 15.

c. Solenoid Valves: Comply with ARI 760 and UL 429, UL-listed, two-
position, direct acting or pilot-operated, moisture and
vapor-proof type of corrosion resisting materials, designed for
intended service, and sclder-end connections. Fitted with suitable
NEMA 250 enclosure of type required by location and normally //
open // closed // holding coil.

d. Thermostatic Bxpansion Valves: Comply with ARI 750. Brass body
with stainless-steel or non-corrosive non ferrous internal parts,
diaphragm and spring-leoaded (direct-operated) type with sensing
bulb and distributor having side connection for hot-gas bypass and
external equalizer. Size and operating characteristics as
recommended by manufacturer of evapcrator and factory set for
superheat requirements. Soclder-end connections. Testing and rating
in accerdance with ASHRAE Standard 17.

e. Check Valves: Brass or bronze allcocy with swing or lift type, with
tight closing resilient seals for silent operation; designed for
low pressure drop, and with solder-end connections, Direction of
flew shall ke legibly and permanently indicated on the valve body.

Strainers: Designed to permit removing screen without removing

strainer from piping system, and provided with screens 80 to 100 mesh

in liquid lines DN 25 (NPS 1) and smaller, 60 mesh in liquid lines
larger than DN 25 (NPS 1), and 40 mesh in suction lines. Provide
strainers in liquid line serving each thermostatic expansion valve,
and in suction line serving cach refrigerant compressor not equipped
with integral strainer.

Refrigerant Meoisture/Liquid Indicators: Double-perted type having

heavy sight glasses sealed into forged bronze body and incorporating

means of indicating refrigerant charge and moisture indication.

Provide screwed brass seal caps.

Refrigerant Filter-Dryers: UL listed, angle or in-line type, as shown

on drawings. Conform to ARI Standard 730 and ASHRAE Standard 63.1.

Heavy gage steel shell protected with corrcosion-resistant paint;

REFRIGERANT PIPING
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perforated baffle plates to prevent desiccant bypass. Size as
recommended by manufacturer for service and capacity of system with
connection not less than the line size in which installed. Filter
driers with replaceable filters shall be furnished with one spare
element of each type and size.

7. Flexible Metal Hose: Seamless bronze corrugated hose, covered with
brenze wire braid, with standard copper tube ends. Provide in suction
and discharge piping of sach compressor.

2.2 GAGES
A. Temperature Gages: Comply with ASME B40.200. Industrial-duty type and in
required temperature range for service in which installed. Gages shall
have Celsius scale in l-degree (Fahrenheit scale in 2-degree)
graduations and with black number on a white face. The pointer shall be
adjustable. Rigid stem type temperature gages shall be provided in
thermal wells located within 1525 mm (5 feet) of the finished floor.

Universal adjustable angle type or remcte element type temperature gages

shall be provided in thermal wells located 1525 to 2135 mm (5 to 7 feet}

above the finished floor. Remote element type temperature gages shall be
provided in thermal wells located 2135 mm {7 feet) above the finished
flcor.

B. Vacuum and Pressure Gages: Comply with ASME B40.100 and provide with
throttling type needle valve or a pulsation dampener and shut-off valve.

Gage shall be a minimum of 90 mm (3-1/2 inches) in diameter with a range

from 0 kPa (0 psig) to approximately 1.5 times the maximum system

working pressure. Each gage range shall be selected so that at normal
operating pressure, the needle is within the middle-third of the range.

1. Suction: 101 kPa (30 inches Hg) wvacuum to 1723 kPa (gage) (250 psig).

2. Discharge: 0 to 3445 kPa {(gage) (0 to 500 psig).

2.3 PIPE SUPPORTS
A. Refer to specification Section 23 05 11, COMMON WORK RESULTS FOR HVAC,
2,4 REFRIGERANTS AND OIL
A. Provide required refrigerant and oil for proper system operation.
2.5 PIPE INSULATION FOR DX HVAC SYSTEMS
Refer to specification Section 23 07 11, HVAC AND PLUMBING INSULATION.
PART 3 - EXECUTION
3.1 INSTALLATION
A. Install refrigerant piping and refrigerant containing parts in
accordance with ASHRAE Standard 15 and ASME B31.5

1. Install piping as short as possible, with a minimum number of joints,

elbow and fittings.

REFRIGERANT PIPING
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2. Install piping with adequate clearance between pipe and adjacent
walls and hangers to allow for service and inspection. Space piping,
including insulation, to provide 25 mm (1 inch) minimum clearance
between adjacent piping or other surface. Use pipe sleeves through
walls, floors, and ceilings, sized to permit installatiocn of pipes
with full thickness insulaticn.

3. Locate and orient valves to permit proper operation and access for
maintenance of packing, seat and disc. Generally locate valve stems
in overhead piping in horizontal position. Provide a union adjacent
tec cne end of all threaded end walves. Control valves usually require
reducers to cennect to pipe sizes shown on the drawing.

4. Use copper tubing in protective conduit when installed below ground.

5. Install hangers and supports per ASME B31.5 and the refrigerant
piping manufacturer's recommendations.

B. Joint Construction:

1. Brazed Joints: Comply with AWS "Brazing Handbock" and with filler
materials complying with AWS AS5.8/A5.8M.

a. Use Type BcuP, copper-~phosphorus alloy for joining copper sccket
fittings with copper tubing.

b. Use Type BAg, cadmium-free silver alloy for jeoining copper with
bronze or steel.

c. Swab fittings and valves with manufacturer's recommended cleaning
fluid to remove oil and other compounds prior to installation.

d. Pass nitrogen gas through the pipe or tubing to prevent oxidation
as each joint is brazed. Cap the system with a reusable plug after
each brazing operation to retain the nitrogen and prevent entrance
of air and moisture.

C. Protect refrigeration system during construction against entrance of
foreign matter, dirt and moisture; have open ends of piping and
connections to compressors, condensers, evaporators and cther equipment
tightly capped until assembly.

D. Pipe relief valve discharge to outdoors for systems containing more than
45 kg (100 lbs) eof refrigerant.

E. Firestopping: Fill openings around uninsulated piping penetrating floors
or fire walls, with firestop material. For firestopping insulated piping
refer to Section 23 07 11, HVAC AND PLUMBING INSULATION.

3.2 PIPE AND TUBING INSULATION
A. Refer to specification Section 23 05 11, COMMON WORK RESULTS FOR HVAC.
B. Bpply two coats of weather-resistant finish as recommended by the

manufacturer to insulation exposed to outdoor weather.

REFRIGERANT PIPING
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3.3 8IGNS AND IDENTIFICATION

A.

Each refrigeration system erected on the premises shall be provided with
an easily legible permanent sign securely attached and easily
accessible, indicating therecn the name and address of the installer,
the kind and total number cf pounds of refrigerant reguired in the
system for normal operations, and the field test pressure applied.
Systems containing more than 50 kg (110 1lb} of refrigerant shall be
provided with durable signs, in accordance with ANST A13.1 and ANSI
Z535.1, having letters not less than 13 mm (1/2 inch) in height
designating:
1. Valves and switches for controlling refrigerant flow, the ventilation
and the refrigerant compressor(s).
2. Signs on all exposed high pressure and low pressure piping installed
cutside the machinery room, with name of the refrigerant and the
letters "HP" cor "LP."

3.4 FIELD QUALITY CONTROL

A.

Prior to initial operation examine and inspect piping system for
conformance to plans and specifications and ASME B31.5. Correct
equipment, material, or work rejected because of defects or
nonconformance with plans and specifications, and ANSI codes for

pressure piping.

3.5 FIELD TESTS

A.

After completion of piping installation and prior te initial operation,
conduct test on piping system according to ASME B31.5. Furnish materials
and equipment required for tests. Perform tests in the presence of
PM/COR. If the test fails, correct defects and perform the test again
until it is satisfactorily done and all joints are proved tight.

1. Every refrigerant-containing parts of the system that is erected on
the premises, except compressors, condensers, evaporators, safety
devices, pressure gages, control mechanisms and systems that are
factory tested, shall be tested and proved tight after complete
installation, and before coperation.

2. The high and low side of each system shall be tested and proved tight
at not less than the lower cf the design pressure or the setting of
the pressure-relief device protecting the high or low side of the
system, respectively, except systems erected on the premises using
non-toxic and non-flammable Group Al refrigerants with copper tubing
not exceeding DN 18 (NPS 5/8). This may be tested by means of the
refrigerant charged into the system at the saturated vapor pressure

of the refrigerant at 20 degrees C (68 degrees F) minimum.

REFRIGERANT PIPING
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B. Test Medium: A suitable dry gas such as nitrogen shall be used for

pressure testing. The means used to build up test pressure shall have

either a pressure-limiting device or pressure-reducing device with a

pressure-relief device and a gage on the outlet side. The pressure

relief device shall be set above the test pressure but low enough to

prevent permanent deformation of the system components.
3.6 SYSTEM TEST AND CHARGING

A. System Test and Charging: As recommended by the equipment manufacturer

or as follows:

1.

Connect a drum of refrigerant to charging connection and introduce
enough refrigerant into system to raise the pressure to 70 kPa (10
psi) gage. Close valves and disconnect refrigerant drum. Test system
for leaks with halide test torch or other approved method suitable
for the test gas used. Repair all leaking joints and retest.

Connect a drum of dry nitrogen to charging valve and bring test
pressure to design pressure for low side and for high side. Test
entire system again for leaks.

Evacuate the entire refrigeration system by the triplicate evacuation
method with a vacuum pump equipped with an electronic gage reading in
mPa (micrecns). Pull the system down to 665 mPa (500 microns) €65 mPa
(2245.6 inches of mercury at 60 degrees F) and hold for four hours
then break the vacuum with dry nitrogen (or refrigerant). Repeat the
evacuation two more times breaking the third vacuum with the
refrigerant to be charged and charge with the proper volume of
refrigerant.

---“END- - -

REFRIGERANT PIPING
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SECTION 26 05 11
REQUIREMENTS FOR ELECTRICAL INSTALLATIONS

1 - GENERAL

1.1 DESCRIPTION

A.

This Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS,
applies to all sections of Division 26.

Furnish and install electrical wiring, systems, equipment and
accessories in accordance with the specifications and drawings.
Capacities and ratings of motors, transformers, cable, switchboards,
switchgear, panelboards, and other items and arrangements for the
specified items are shown on drawings.

Electrical service entrance equipment (arrangements for temporary and
permanent connections to the power company's system) shall conform to
the power company's requirements. Coordinate fuses, circuit breakers and
relays with the power company's system, and obtain power company
approval for sizes and settings of these devices.

Wiring ampacities specified or shown on the drawings are based on copper
conductors, with the conduit and raceways accordingly sized. Aluminum

conductors are prohibited.

1.2 MINIMUM REQUIREMENTS

A,

References to the National Electrical Code (NEC), Underwriters
Laboratories, Inc. (UL} and Naticnal Fire Protection Association (NFPA)
are minimum installation requirement standards.

Drawings and other specification sections shall govern in those
instances where requirements are greater than those specified in the

above standards.

1.2 TEST STANDARDS

A.

All materials and equipment shall be listed, labeled or certified by a
nationally recognized testing laboratory to meet Underwriters
Laborateries, Inc., standards where test standards have been
established. Equipment and materials which are not covered by UL
Standards will be accepted provided equipment and material is listed,
labeled, certified or otherwise determined to meet safety requirements
of a nationally recognized testing laboratory. Equipment of a class
which nc nationally recognized testing laboratory accepts, certifies,
lists, labels, or determines to be safe, will be considered if inspected
or tested in accordance with national industrial standards, such as
NEMA, or ANSI. Evidence of compliance shall include certified test
reperts and definitive shop drawings.

Definitions:

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS
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1. Listed; equipment or device of a kind mentioned which:

a. Is published by a nationally receognized labeoratery which makes
periodic inspection of production of such equipment.

b. States that such equipment meets nationally recognized standards
or has been tested and found safe for use in a specified manner.

2. Labeled; equipment or device is when:

a, It embodies a valid label, symbol, or cther identifying mark of a
nationally recognized testing laboratory such as Underwriters
Laboratories, Inc.

b. The laboratory makes periodic inspections of the production of
such equipment,

c. The labeling indicates compliance with nationally recognized
standards cr tests to determine safe use in a specified manner.

3. Certified; equipment or product is which:

a. Has been tested and found by a nationally recognized testing
laboratory to meet naticnally recognized standards or tc be safe
for use in a specified manner.

b. Production of equipment or product is periodically inspected by a
nationally recognized testing laboratory.

c. Bears a label, tag, or cther record of certification.

4. Nationally recognized testing laboratory; laboratory which is
approved, in accordance with OSHA regulations, by the Secretary of
Labor.

1.4 QUALIFICATIONS (PRODUCTS AND SERVICES)

A. Manufacturers Qualifications: The manufacturer shall regularly and
presently produce, as one of the manufacturer's principal products, the
equipment and material specified for this project, and shall have
manufactured the item for at least three years.

B. Product Qualification:

1. Manufacturer's product shall have been in satisfactory operation, on
three installations of similar size and type as this project, for
appreximately three years.

2. The Government reserves the right to require the Contractor to submit
a list of installations where the products have been in operation
befcore approval.

SPEC WRITER NOTES: In the following
paragraph use 4 hours for metropoclitan
areas and 8 hours for rural areas.

C. Service Qualifications: There shall be a permanent service organization

maintained or trained by the manufacturer which will render satisfactory

service to this installation within four hours of receipt of

REQUIREMENTS FOR ELECTRICAL TNSTALLATIONS
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notification that service is needed. Submit name and address of service
organizations.
1.5 MANUFACTURED PRODUCTS

A. Materials and equipment furnished shall be of current production by
manufacturers regularly engaged in the manufacture of such items, for
which replacement parts shall be available.

B. When more than one unit of the same class of equipment is reguired, such
units shall be the product of a single manufacturer.

C. Eguipment Assemblies and Components:

1. Components of an assembled unit need not be products of the same
manufacturer.

2. Manufacturers of equipment assemblies, which include components made
by others, shall assume complete responsibility for the final
assembled unit.

3. Components shall be compatible with each other and with the total
assembly for the intended service,

4. Constituent parts which are similar shall be the product of a single
manufacturer.

D. Facteory wiring shall be identified on the equipment being furnished and
cn all wiring diagrams.
E. When Factory Testing Is Specified:

1. The Government shall have the option of witnessing factory tests. The
contractor shall ncotify the VA through the COTR/Resident Engineer a
minimum of 15 working days prior to the manufacturers making the
factory tests.

2. Four copies of certified test reports containing all test data shall
be furnished tc the Resident Engineer prior to final inspection and
not more than 90 days after completion of the tests.

3. When equipment fails to meet factory test and re-inspection is
required, the contractor shall be liable for all additional expenses,
including expenses cf the Government,

1.6 EQUIPMENT REQUIREMENTS
A. Where variations from the contract requirements are requested in
accordance with Section 01 33 23, SHOP DRAWINGS, PRCODUCT DATA, AND

SAMPLES, the connecting work and related components shall include, but

not be limited to additions or changes to branch circuits, circuit

protective devices, conduits, wire, feeders, contreols, panels and
installation methods.
1.7 EQUIPMENT PROTECTION
A. Equipment and materials shall be protected during shipment and storage

against physical damage, dirt, moisture, cold and rain:

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS
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1. During installation, enclosures, equipment, controls, controllers,
circuit protective devices, and other like items, shall be protected
against entry of foreign matter; and be vacuum cleaned both inside
and outside before testing and operating and repainting if reguired.

2. Damaged equipment shall be, as determined by the PM/COR, placed in
first class operating condition or be returned to the source of
supply for repair or replacement.

3. Painted surfaces shall be protected with factory installed removable
heavy kraft paper, sheet vinyl or equal.

4, Damaged paint on equipment and materials shall be refinished with the
same quality of paint and workmanship as used by the manufacturer so

repaired areas are not obvious.

1.8 WORK PERFORMANCE

A,

All electrical work must comply with the requirements of NFPA 70 (NEC),
NFPA 70B, NFPA 70E, OSHA Part 1910 subpart J, OSHA Part 1910 subpart S
and OSHA Part 1910 subpart K in addition to other references required by
contract.

Job site safety and worker safety is the responsibility of the

contractor.

Electrical work shall be accomplished with all affected circuits or

equipment de-energized. When an electrical outage cannot be accomplished

in this manner for the required work, the following reguirements are
mandatory:

1. Electricians must use full protective equipment (i.e., certified and
tested insulating material to cover exposed energized electrical
components, certified and tested insulated tocols, etc.} while working
on energized systems in accordance with NFPA 70E.

2. Electricians must wear personal protective equipment while working on
energized systems in accordance with NFPA 70E.

3. Before initiating any work, a job specific work plan must be
developed by the contractor with & peer review conducted and
documented by the COTR/Resident Engineer. The work plan must include
procedures to be used on and near the live electrical equipment,
barriers to be installed, safety equipment to be used and exit
pathways.

For work on existing stations, arrange, phase and perform work to assure

electrical service for other buildings at all times. Refer to Article

OPERATIONS AND STORAGE AREAS under Section 01 00 00, GENERAL

REQUIREMENTS.

New work shall be installed and connected to existing work neatly and

carefully. Disturbed or damaged work shall be replaced or repaired to
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its prior conditions, as required by Section 01 00 00, GENERAL
REQUIREMENTS.

Coordinate location of equipment and conduit with other trades to
minimize interferences. See Section 00 72 00, GENERAL CONDITIONS.

1.9 EQUIPMENT INSTALLATION AND REQUIREMENTS

A.

Equipment location shall be as close as practical to lecations shown on

the drawings.

Working spaces shall not be less than specified in the NEC for all

veltages specified.

Inaccessible Equipment:

1. Where the Government determines that the Contractor has installed
equipment not conveniently accessible for operation and maintenance,
the equipment shall be removed and reinstalled as directed at no
additicnal cost toc the Government.

2. "Cecnveniently accessible" is defined as being capable of being
reached without the use of ladders, or without climbing or crawling
under or cver cbstacles such as, but not limited to, motors, pumps,

belt guards, transformers, piping, ductwork, conduit and raceways.

1.10 EQUIPMENT IDENTIFICATION

a.

In addition t¢ the requirements of the NEC, install an identification
gign which clearly indicates information required for use and
maintenance c¢f items such as panelboards, cabinets, motor contrellers
{starters}, safety switches, separately enclosed circuit breakers,
individual breakers and controllers in switchboards, switchgear, control
devices and other significant equipment.

Nameplates shall be laminated black phenolic resin with a white core
with engraved lettering, a minimum of 6 mm (1/4 inch) high. Secure
nameplates with screws. Nameplates that are furnished by manufacturer as
a standard catalog item, or where other method of identification is

herein specified, are exceptiocns.

1.11 SUBMITTALS

A,

Submit in accordance with Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA,
AND SAMPLES.

The Government's approval shall be obtained for all equipment and
material before delivery to the job site. Delivery, storage or
installation of equipment or material which has not had prior approval
will not be permitted at the Jjob site.

All submittals shall include adequate descriptive literature, catalog
cuts, shop drawings and other data necessary for the Government to

ascertain that the proposed equipment and materials comply with
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specification reguirements, Catalog cuts submitted for approval shall

be legible and clearly identify equipment being submitted.

D. Submittals for individual systems and egquipment assemblies which consist

of more than one item or component shall be made for the system or

assembly as a whole. Partial submittals will not be considered for

approval.

1. Mark the submittals, "SUBMITTED UNDER SECTION ",

2. Submittals shall be marked to show specification reference including
the section and paragraph numbers.

3. Submit each section separately.

E. The submittals shall include the following:

1.

Information that confirms compliance with contract requirements.
Include the manufacturer's name, model or catalog numbers, catalog
information, technical data sheets, shop drawings, pictures,
nameplate data and test reports as required.

Elementary and interconnection wiring diagrams for communication and
signal systems, control system and equipment assemblies. A1l terminal
points and wiring shall be identified on wiring diagrams.

Parts list which shall include those replacement parts recommended by
the equipment manufacturer, quantity of parts, current price and

availability of each part.

F. Manuals:

1.

Maintenance and Operation Manuals: Submit as required for systems and
equipment specified in the technical sections. Furnish four coples,
bound in hardback binders, (manufacturer's standard binders) or an
approved equivalent. Furnish one complete manual as specified in the
technical section but in no case later than prior to performance of
systems or equipment test, and furnish the remaining manuals prior to
contract completion.

Inscribe the following identification ¢n the cover: the words
"MATNTENANCE AND OPERATION MANUAL," the name and location of the
system, equipment, building, name of Contractor, and contract number.
Include in the manual the names, addresses, and telephone numbers of
each subcontractor installing the system or equipment and the local
representatives for the system or equipment.

Provide a "Table of Contents"™ and assemble the manual to conform to
the table of contents, with tabk sheets placed before instructions
covering the subject. The instructions shall be legible and easily
read, with large sheets of drawings folded in.

The manuals shall include:

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS
26 05 11 - 6



-

g9 o po0 o

05-10

Tnternal and interconnecting wiring and contrel diagrams with data
to explain detailed opsration and control of the equipment.

A control sequence describing start-up, operation, and shutdown.
Description of the function of each principal item of equipment.
Installatien and maintenance instructions.

Safety precautions.

Diagrams and illustrations.

Testing methods,

Performance data.

Lubrication schedule including type, grade, temperature range, and
frequency.

Pictorial "exploded" parts list with part numbers. Emphasis shall
be placed on the use of special tools and instruments., The list
shall indicate sources of supply, recommended spare parts, and
name of servicing organization.

Appendix; list gqualified permanent servicing organizations for
support of the equipment, including addresses and certified
qualificaticns.

G. Approvals will be based on complete submission of manuals together with

H.

shop drawings.

After approval and prior to installation, furnish the COTR/Resident

Engineer with one sample of each of the following:

1.

s W N

A 300 mm (12 inch) length of each type and size of wire and cable

along with the tag from the coils of reels frem which the samples

were taken.

Each type of conduit coupling, bushing and termination fitting.

Conduit hangers, clamps and supports.

Duct sealing compound.

Bach type of receptacle, toggle switch, outlet box, manual motor

starter, device plate, engraved nameplate, wire and cable splicing

and terminating material and single pole molded case circuit breaker.
Each type of light fixture specified in Section 26 51 00, INTERIOR
LIGHTING or shown on the drawings.

1.12 SINGULAR NUMBER

A,

Where any device or part of equipment is referred to in these

specifications in the singular number (e.g., "the switch™}, this

reference shall be deemed to apply to as many such devices as are

required to complete the installation as shown on the drawings.
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1.13 TRAINING

A. Training shall be provided in accordance with Article, INSTRUCTICNS, of
Section 01 00 00, GENERAL REQUIREMENTS.

B. Training shall be provided for the particular equipment or system as
required in each associated specification. '

C. A training schedule shall be developed and submitted by the contractor
and approved by the PM/COR at least 30 days prior to the planned
training.

- =--END- -~
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